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Since the day when Eledlricity was first disco- 
vered, until now, its vast importance and its 
high destinies have grown upon the human 
mind. Fresh phases of its power, fresh results, 
new means of obtaining and governing its 
acflion, and multiplied ends to which it may be 
turned, have constantly discovered them- 
selves ; till to-day it stands out as one of the 
grandest subjecSls presented to the scientific and 
practical world for investigation and research. 
Perhaps, however, no other Science or Art 
has exhibited so extraordinary a concurrence 
of anomalies. It is at once the most ter- 
rible monster and the most humble and 
obedient servant , its a(5lion is at one moment 
beneficial, at the next destru(5live ; its range is 
boundless, yet it may be ** cabined, cribbed, 
confined " at ease ; it is everywhere present, 
while its nature is only imperfedlly understood ; 
and, to crown all, although it is one oY the most im- 
portant agents in the adlion and the phenomena 
of the universe, and increasing knowledge of 
its applicability to the needs of our race is of 
the utmost importance, no direcSt means of as- 
certaining the thoughts and discoveries of its 
students, or of bringing them before the scien- 
tific and mechanical community, at present 
exist. Attempts have been made to supply 
thi3 want, and journals have been started 
with the professed objed^ in view of making 
public all that is known or can be learnt 
of Ele(5lricity in all its branches. But they 
have degenerated into unscientific records of 
unimportant events, and the purpose for which 
th^y were established has been lost sight of. 



Thus it comes that — while Engineering, Che- 
mistry, and other Applied Sciences have all 
their representative recognised organs — the 
Elecflrician finds himself without any current 
journal from which he can learn the events 
which are daily occurring of peculiar interest 
to himself. 

Such a want will now be supplied by the 
establishment of the Electrical News and 
Telegraphic Reporter, of which this is the 
first number. In its columns will be found the 
most valuable opinions of eminent Eledlricians 
and scientific men all over the world. Articles 
will be contributed which will be of value not 
only to those who study Eledlricity as amateur 
experimentalists or. scientific inquirers, but also 
to those whose daily life is bound up with the 
advancement of pradlical knowledge in all de- 
partments of the science, and who as elec- 
tricians, telegraphists, eled^rotypers, eledlro- 
platers, and chemists have continually to deal 
with the same marvellous agent of force in 
different ways. Nor jvill the doings of foreign 
societies be ignored as in times gone by, but, 
in the shape of carefully prepared abstradls, 
their proceedings will be presented to our readers. 
Every opportunity will be given for the health- 
ful discussion of the science in all its branches, 
and a fair unbiassed course will be steered in 
all questions of dispute. 

This, then, is our Programme in brief. More 
we could promise, but prefer to let the new 
periodical speak for itself. The subjedl with 
which it will deal is of too great importance to 
need one word of recommendation. Daily ex- 
perience teaches us that we are as yet on the 
threshold only of a vast expanse of elei5lrical 
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knowledge. This has to be explored, and as 
the research gains in strength and intelligence 
the results will be far beyond all present con- 
ception. The feat of girdling the earth in 
forty minutes will be eclipsed by great deeds 
yet to be done, and if the establishment of 
the Electrical News and Telegraphic 
Reporter conduces to the hastening of this 
desirable end our objedt will have been gained, 
and we shall be fully rewarded. 



ON TUBULAR ELECTRO-MAGNETS WITH 
MULTIPLE CORES. 

By the Count Th. DU MONCEL, 

Membre de Tlnstitut de France ; Officier de la Ligion d'Honnear et 

de I'Ordre de St. Wladimir de Rustie ; Ing£nieui;-EleAricien 

de rAdministration des Lignes T616graphiqaea 

Frajifaises. 



In a note presented to the Academy on the ist of last 
March I referred to certain experiments which I had made 
in 1862 on tubular eledro-magnets, and I pointed out, 
among other important results, that these eledro-magnets 
have the same energy as solid eledro-magnets of the same 
diameter, if care is taken to fit their polar extremity with 
a stopper or a shield of iron. The electro-magnets of 
M. Camacho having latterly somewhat complicated the 
question, I have undertaken a new series of researches 
upon tubular electro-magnets with multiple cores, of 
which I am about to give the first outline. 

I wish it to be observed that in my experiments I have 
always employed, to measure the eledtro-magnetic energy, 
the effects of the attraction at a distance. It is, in my 
opinion, the sole means for obtaining exad and com- 
parable measurements, and these are also the effeds 
which it is most interesting to study, since they deter- 
mine the mechanical aCtion in those apparatus where 
these instruments are employed. I shall be led to believe 
that the contad-attraCtion in tubular eleCtro-magnets does 
not always behave in the same manner as the attraction 
at a distance ; but I shall subsequently examine this side 
of the question. 

The eleCtro-magnet with which I have made my experi- 
ments is one of those which M. Camacho has construded. 
Each limb is composed of three tubular cores, one intro- 
duced into the other, at the respective distance of 2 m.m., 
and of a solid central core. The whole is fastened at 
one extremity to a breech-piece of soft iron, 8 centims. 
long, 3i wide, and i in thickness. The tubular cores 
are 6\ centims. in length and 2 millims. thick, and the 
central core is 6 m.m. in diameter, which gives a diameter 
of 3 centims. for the complete limb. 

Each of these cores is enfolded with a magnetising 
coil of copper wire ^'otbs of a m.m. in diameter, but 
the last coil has five rows of spirals, whilst the others 
have only two. The ends of the wires of each helix 
spring from the breech-piece of the eledro-magnet, and 
can be connected in such a manner that the current 
passes successively from one coil to the other by the oppo- 
site ends, or traverses them all simultaneously, just as 
the elements of a battery can be arranged either for 
potential or for quantity. 

The construdion of these eledro-magnets being very 
delicate, it is difficult to obtain the same conditions of 
force from their limbs ading separately. To ascertain the 
part of this difference of adion in the observed effeds, I 
have found it needful to study separately the attradive 



force of each limb and that of their cores. On the other 
hand, as the forces measured could not be comparable, 
except in circuits of the same resistance, I have been 
obliged to have recourse to a differential galvanometer 
and a rheostat to bring these resistances into equilibrium. 
The experiment was arranged as follows : — 

In one of the circuits of the differential galvano- 
meter I introduced a constant resistance of 600 metres 
of telegraphic wire, and in the other a rheostat 
connected to the wire of my eledro- magnet. I then 
developed upon the rheostat, at the moment of every ex- 
periment, the resistance necessary to keep the galvano- 
meter at zero. The following are the results obtained 
with a Bunsen element of medium size, repeating 
the experiments twice in an opposite diredion, and esti- 
mating the forces in grammes at an attractive distance of 
I m.m. Naturally, the eleCtro-magnet reaped upon the 
armature in the manner of a damaged eleCtro-magnet 
when I tried each limb separately. 

Resistance Resistance *«.».« a:--. 

on the of the ^^^^1 

Rheosut. Coils. rorce. 

Metres. Grmt. 

1. With all the coils or heli- \ 

ces connected, end to end I ^7 75 31529 X04 

2. Outer coil alone . . . . 36*62 224*23 45 

3. Third „ .... 5400 4596 6 

4. Second „ .... 55*75 2801 3 

5. First „ .... 57*37 11*33 » 

6. Simple circuit 58*50 — — 

7. The two branches joined up 875 510*02 520 

I shall not give the figures belonging to the left-hand 
coil, for the inner helices, being badly insulated, the outer 
helix alone exerted its effeCt. These figures, moreover, 
could have no interest. I will merely mention that the 
resistance of the outer helix was represented by 192*17 m., 
giving rise to an attractive force of 42 grms., and that all 
the helices joined together only presented a resistance of 
19473 m. and an attractive force of 44 grms. 

The foregoing figures already allow us to deduce, as a 
very important conclusion, that the force developed by all 
the helices combined is almost twice as great as that which 
results from the sum of their individual actions^ which is 
only 55 grms. As we cannot admit that these individual 
anions are in more unfavourable conditions with reaped 
to the magnetic cores, and for a given eledric intensity, 
than in the case where the magnetising helix is formed by 
one single and identical wire coiled around a solid core, 
we must infer that the tubular arrangement^ with distribu- 
tion of the helix over several cores ^ is decidedly favourabU 
to the development of the electro-magnetic force. To what 
cause this superiority is due we are about to attempt to 
elucidate. 

At first, when we consider that the magnetising adion 
cannot penetrate deeply into the magnetic mass, as M. Jamin 
has demonstrated, we might believe that the cause should 
be attributed to a better utilisation of the magnetising 
adion, which ads in this manner upon the whole magnetic 
mass of the core. But this cause is evidently not the 
one which preponderates, since the sum of the forces 
determined separately upon the core is far from corre- 
sponding to that produced by the simultaneous adion of 
the helices. There is, consequently, another cause which 
ads powerfully, and which is evidently oonneded with the 
reciprocal reactions of the magnetised cores upon each 
other. To recognise this cause, it became needful to study 
separately these different adions, and to arrive at this 
point I have been obliged to undertake a series of experi- 
ments for the purpose of determining : — 

(i). The polarity of the different cores, according as I 

magnetised such or such a one of them. 
(2). The individual force developed upon each. 

The experiments are very delicate, by reason of the 
manifold readions which are set up, but I succeeded in 
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isoliting them, lint, by tailing the poliritiet by mean* of 
longfodsof iron, which I supporled by one of the endi upon 
ttie»ediffETen( cores, and by which I caused 10 diuippear the 
magnetism remaining after each experiment ; and by 
measuring the attraAive force no longer by the aid of the 
«rmali>re of my magnetic balance, which received att the 
initaeaces at once, But by cuttinE; off the top of a amall 
cyliodet of toft iron of 1 m.m. in diameter, which 1 applied 
by the end to the different cores, and whicb I removed by 
the aid of a balance. 

The verification of the polarities, developed at the 
moment of each of the experimeniB of which we bave been 
apeaking, convinced me that all the com placed in tht 
inUrior of a lube, directly magnetised by the helix which 
surrounds it, ham the lami polarity as the lube itself, but 
that thou tchich surround it externally are feebly polarised 
in tkt eonlrary direction, ag takes place in simple tubuiar 
eledro-magneta covered with an iron breech-piece at one 
of their ends. Theee clfeas have nothing about them but 

in this case, a mere expansion of the pole determined on 
the breech -piece, and because the enveloped tube or tubes 
are submitted to the direft adlion of the solenoids, either 
voltaic or magnetic, which result from the circulation of 
the cunent across (he helix, and from the magnetlBadon 
of the core which this helix covers. Thus, when we 
magnetise only the central nucleus of the elearo-magnet 
of whicb we bave spoken, if there is developed a noith 
polarity at its free extremity, south polarities will appear 
on the other cores. If, on the contrary, the beli« of the 
■econd core is traversed by the current, this second 
core and the central one will exhibit oorth polarity, 
whilst the third and the fourth will be polarised south 

The individual forces of these different cores differ a 
little according to Che position of (bote dire^ly mag- 
netised by the helix ; but the differince it little per. 
teptible, and the most energetic force corresponds lo the 
core whose helix it set in adion. I speak only, be It 
diatinaiy understood, of the surrounded core, for tht in- 
eloiing ones do not determine any sensible attraction. In 
the experiment! undertaken with the Bunten element, of 
which I have already spoken, and an exterior circuit with- 
out retlstance, the atlradivc forces of the cores thus 
magnetised have reached 850 to 950 grms. Bui a point 
very important to verify is that, when the current traverses 
■II the helices at once, the central part, contrary to ahat 
takes place with a solid care, beeomes the centre of 
attioH. Of this we may satisfy ourselves by suspending a 
■malt cylinder of iron at 2 or 3 m.m. above the limb of the 
eleAro-magnet experimented upon. When the current 
paues through all the helices, this cylinder is attra^ed 
towards the centre. On the contrary, when it passes 
through a single helix only, the cylinder is drawn towards 
the tube corresponding to that helix. 

We may, as it appears to me, conclude from these 
experiments that, independently of the peculiar adion 
exerted by the Interior helices, the magnetisation of a 
$ingU one of the cores suffices to involve that of all those 
cores which it tnclosii ; and this action repeating itself 
for eacb of them when the current Bimullaneously traverses 
all the helices, there results— at least, for the interior 
cores — a luperpotitlon of magnetic adlions effefted in the 
same dlredlon, which naturally produces ita maximum 
effeS upon the central nucleus, since it is enclosed by all 
the others. Now, does the sole adtion of a magnetised 
cote D^on tboie which it envelopes give rise to a 
magnetic force ereater than when this core is solid? 
This experiment doet not demonstrate. In fafl:, on taking 
the iron tube whicb had been used for my experiments In 
1861, and submitting it to my magnetic balance, at lirst 
alone, and afterwards with an iron cylinder which entirely 
filled it, then with two small cylinders of 0006 m. and 
o'ooS m., leaving between them and the sides of the tube 
«o interval, respeAively, of 3 m.m, and of il m.m., I 
otHained thJe fbliowiog results : — 



1. Tubeslone 37 21 

2. Tube filled with iron cylinder ..47 30 

3. Tube with core of 0006 m. . . 45 26 

4. Tube with core of 0008 m. ..45 29 

5. Tube with iron stopper .... 45 30 

6. With solid core 48 31 

On adapting a mass of iron to the ina£tive pole and 
consequently uniting magnetically the central core 
ivith the tube, as In Camacho's eleiftro- magnet, the force 
uecomEi In one case 38 grras. and in the other 63 grms. 
But it reaches exaaly the same figures with the solid 
core. It is therefore not to the division of the 
magnetic core into several that the eleiSro- magnets 
of which we are speaking owe their greater energy, 
9ut rather, as I have already said, to the superposition 
of the magnetic effeSs which these different cores de- 
velop, and consequently by their mutnal reaftlon when 
magnetised by their helices. 

To explain the influence which the greater or less 
laturation of these cores may exert upon the effefts of 
lubular eleflro -magnets with multiple cores, 1 have 
repeated the experiments of which I spoke at the com- 
mencement of this notice with a Daniell's and a Bunsen's 
slement, introducing no artificial resiGtance into the 
circuit. I obtained the following results with an attrac- 
tive distance of 3 m.m. when employing the Bunsen 
clement, and of t m.m. with the Daniell's element : — 
Diniell'i Bunicn'a 

t. With both branches united . . 47 1S2 

3. All the helices conneAedl -^ 

of the right coil .. J " ^' '°^ 

3. Exterior helix alone ig 162 

4. Helices t, 2, and 3 conneiled 4 150 

5. Helix No. 3 alone I 140 

6. Helix No. 2 alone — 52 

7. Helix No. I alone — ' 5 

These figures show decisively that the advanlageoui 

effeds of the ele^ro- magnets of which we are treating are 
more manifest with a weak than with a strong magnetic 
laturation, but there is room to consider that the resist- 
ance of the Daniell's element being much greater than 
ihat of the Bunsen the variations of resistance of the 
helices are less felt in the one case than in the nther. 
We must also take into consideration the conditions of 
the maximum of force of eleftro- magnets which have been 
almost fulfilled in the first experiments and not in the 
second. It results that the force of the two branches with 
the Bunten element is relatively too weak, and that the force 
in relation to the outer helix is relatively too strong. We 
recognise that in spile of the considerable increase of 
energy which the Individual attraAlong of the different 
cores bave acquired In consequence of the reduced 
resistance of the circuit, Il is still the disposition with the 
union of all the helices whicb gives the greatest force. 

In the researches wblch I have planned on the tubular 
eleflro-magnets with multiple cores there is a point 
which claims particular attention. It is to find if caps 
of Iron adapted 10 the polar extRmities of these sorts 
of eleilto-magnets are useful or not in the development of 
the attra^ive force. 

The question has need, however, to be narrowed, for 
according as these caps or shields of iron are arranged in 
the interior of the tubular cores or above, the electro- 
magnet is placed in very different conditloni of magnetic 
distribution, and naturally the resulting attraftion cannot 
be the same. I have made on this account a certain 
number of experiments which allow of indecision. 

When the caps are simply applied upon the concentric 
rings which terminate the tubular cores, ao as to conneA 
them magnetically, the thickness of these caps removes 
from the extremities of the helix, that is to say, from the 
point where the magnetic polarity is most energetic, the 
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portions of the magnetic cores whose fun(5tion is to deter- 
mine the attradlion, and they ought consequently to have the 
efTedt of diminishing the magnetic force. This is what 
M. Camacho had already recognised and what I have 
convinced myself of by very precise experiments. Thus 
whilst the eledlro-magnet without caps would produce at 
a millimetre of attractive distance a force represented by 
72 grms., with caps of 4 m.m. in thickness it would only 
exert an attraction of 58 grms. And this difference of adtion 
is not peculiar to tubular eledtro-magnets, for it is also 
recognised even in bundles of magnetised rods. We see, 
for instance, that a magnetised bundle, one of whose poles 
is able to attrad an armature loaded with 26 grms. at the 
distance of i m.m., when not fitted with an iron cap, 
cannot excite this attraiftion when provided witlf such a 
disc, and in order that the attradion may take place the 
weight must be reduced to 15 grms. In order that we may 
form an idea of the influence exerted by the greater or 
smaller removal of the polar extremities of a magnetic 
core from its magnetising coil, it may suffice to say 
that the solid core of the bobbin (which had served in my 
experiments of 1862) having been arranged so as to have 
its polar extremity level with the cap, excited at the dis- 
tance of I m.m. an attraction of 34 grms., whilst it fur- 
nished a force only of 27 grms. when this polar extremity 
was advanced 5 m.m. outside the coil; which is but 
natural, since the greater the surface upon which a mag- 
netic pole is expanded, the less energetic is the exterior 
action which it exerts. 

When the caps or discs are introduced into the inside 
of the tubular cores, and when they do not change the 
position of the extremities of these cores with respeCt to 
their magnetising helices, they considerably augment, as 
we Ijave seen, the eleCtro-magnetic force, at least with 
simple tubular eleCiro-magnets ; but it is not the same 
with tubular eleCtro-magnets having multiple cores. In 
such eleCtro-magnets these caps can only be kinds of 
flat rings introduced into the different cores, and they 
must exerojse a prejudicial aCtion by playing the part of 
lateral armatures. We have seen, in faCt, that in tubular 
eledro-magnets with multiple cores, the interior play, 
np to a certain point, the part of the iron stoppers 
in simple tubular eleftro-m&gniets. Consequently, under 
their influence, the magnetic core in its totality is found 
almost in the same conditions as if it was solid, and the 
rings can therefore only occasion a pure loss of one por- 
tion of the magnetic adion developed. I have, further, 
shown in an earlier paper that a ring of iron adapted exter- 
nally to a simple tubular core diminishes the force which 
the latter develops, even when it is internally fitted with 
an irdn stopper. Is the increase of the polar surface 
represented by the circular sedion of a tubular core 
prejudicial to the magnetic aCtioh developed ? Evidently 
not, as experiment demonstrates in a perfectly distinCt 
manner. We have seen, in faCt, that on successively in- 
troducing into a simple tubular core the two cylinders 
of 0*006 m., and of o*oo8 m. in diameter, the force developed 
was 29 gims. for the second, but only 26 grms. for the 
first. There is, I think, this difference between the efleCts 
produced in this latter experiment, and in those which 
precede it ; that in the one the core reads like a mag- 
net furnished with a •piece of iron at its adive pole, 
whilst in the other it behaves like a magnet regularly 
formed, and not disturbed by any lateral readions. How- 
ever this may be, these are the results of the experiments 
which I have made on one of the limbs of the Camacho 
eledro-magnet, with or without iron rings, employing a 
Bunsen element feebly charged : the attradion was 
effeded at the distance of 3 m.m.: — 

With Without 
Ring*. Rings. 

1. With all helices combined .. 106-0 122 

2. Outer helix alone 102*0 113 

3. Helices i, 2, and 3 combined. . 68*0 102 

4. Helix No. 3 • • • • • , . » 64-0 82 

5. Hdix No. 2 • •• 20*0 38 

6. Helix No. z •• « 0*5 6 



These experiments have been repeated three times in 
an opposite order, and the results have always been approx- 
imately identical. 

The conclusion from these experiments may be that we 
ought to banish iron appendages from magnets. But 
if we consider that they enable us to make the magnets 
read upon their armatures in better conditions of 
proximity and adjustment, and that iron possesseo a mag- 
netic condudibility much greater than that of steel, and, 
above all, than natural magnets — a condudibility which 
permits a more easy concentration of the magnetic adion 
— we conclude, that in spite of the loss of force 
which they may involve, these fittings are eminently use- 
ful, and even so much the more useful as the point of 
maximum magnetic saturation being much more remote 
in iron than in steel, these fittings may concentrate on a 
smaller surface all the magnetic force of a colledion of 
cores. 



THE COPPER-ZINC COUPLE AND ITS 

EFFECTS.* 

By J. H. GLADSTONE, PhD., F.R.S., 
FuIIerian Professor of Chemistry in the Royal Institution. 

I PROPOSE, ladies and gentlemen, to bring before you in 
this ledure a series of researches which have been made 
during the past two or three years by Mr. Tribe and my- 
self. They have been made partly in my own private 
laboratory and partly in the laboratory of this Institution. 
They have been made by what we call the copper-zinc 
couple, and my first duty, I think, will be to explain the 
principle o^ that couple. 

We have here a simple galvanic cell : that is to say, we 
have two different metals in this case, — copper and zinc, 
— because I mean to keep to zinc and copper pretty much 
during this afternoon. Now, at present the metals are 
not conneded with one another except by that liquid. 
The liquid is dilute sulphuric acid. At present there is a 
magnet just taking up the ordinary course of the meri- 
dian. We have placed it so, and you see that the magnet 
points towards those two metals, because that is the di- 
redion of north and south. Supposing I conned those 
metals by any metallic jundion, — such, for instance, as 
this other piece of zinc, with which I will join the two 
metals, — we shall see that something takes place. Thai 
magnet, you see, is at once started, and swings round to 
one side considerably, and will remain permanently on 
one side, while, at the same time, you will observe that 
there are bubbles of gas forming on this copper plate, and 
rising up to the surface of the liquid. I think that the 
contad has been broken for a moment. Now I will make 
it again, and you perceive that again this magnet swings, 
and the bubbles of gas rise upon this copper plate. 

Now, how are we to conceive of this ? There is some 
change taking place. There is no adion taking place be- 
tween this copper plate and the liquid in the way of 
decomposition. It is this zinc which is dissolving off; 
but, at the same time, this hydrogen which is being given 
off by the adion of the zinc is adually given off at about 
10 inches distance on the copper plate. That there is 
something going on is evidenced by the moving of the 
magnet. It is true that this magnet is affeded by two 
things here, the liquid and the conneding metal. It may 
be affeded byjeither of these two things, and at present it is 
being affeded by both. Now, how are we to conceive 
of what is taking place under those circumstances in the 
liquid. 

Well, we must have some kind of theory — some kind of 
view. It is very difficult for us to imagine exadly what 
is taking place ; but still I endeavoured to illustrate it in 
the juvenile ledures by means of a moving diagram. 
Here is a diagram representing two plates. Here is a 

* Verbatim report of a Ledare delivered at tht Royal UMftatido, 
London. 
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plate of copper, and there is a plate of 2inc. Well, then, 
these are supposed to be in metallic connexion one with 
the other, and the liquid between them is subjedied to 
some kind of strain, — some kind of tension, — and there- 
fore some kind of change takes place in it. Now, we 
believe that in the first instance the molecules — or little 
parts of which it is composed — arrange themselves in 
some particular order; that, in fa<^, the oxygen turns 
itself towards the zinc, and that the hydrogen turns itself 
in the diredion of the copper. What takes place ? 
The oxygen from the sulphuric acid — for it is sulphuric 
acid in the cell of which I have been speaking — combines 
with the zinc, and the zinc dissolves away and comes out 
into the liquid, and, at the same time, the hydrogen is 
deposited upon the copper. You may suppose that these 
spots represent the hydrogen. The hydrogen is being de- 
posited on the copper, and goes away. Then more 
hydrogen comes in occupying its place, because it is 
always passing on. This hydrogen passes away also; 
more hydrogen comes, and in the meantime the zinc is 
dissolved and is going off into the liquid. The sulphuric 
element remains in about the same place, but there is 
constantly a passage of the hydrogen which is being 
thrown off. [The molecular changes were represented 
by means of the working diagram.] 

Well, perhaps I may have illustrated this sufficiently. 
We may go on, in fad, in this way till all the hydrogen 
is expelled, and we have the whole thing filled simply 
with zinc. Well, that is one conception that we may 
form of it. Supposing, instead of this, we take another 
— a somewhat crude contrivance. Here I have arranged 
a number of balls, which may represent the sulphuric 
acid and the hydrogen. These are the sulphuric element, 
and those are the hydrogen, and I have placed them 
alternately. Now we will suppose that a force is exerted 
here, — this galvanic force, or eledromotive force, or che- 
mical force, — whatever you please to term it. Some force 
is exerted upon the particles of zinc and copper. We 
will represent this force by the falling of some little 
balls. Then what happens? The force goes through 
the whole, and there is very little change here, but a con- 
siderable amount of change at the othe> end. One of 
these pieces flies out. I cannot go on with the experi- 
ment now, because I shall have to change the order of 
these balls. But suppose that this change is made. 
Well, I make that change, and then there is a fresh im- 
pulse given, and also more hydrogen sent off in this way. 
[Illustrating.] This is a rough and very crude idea of 
what may be taking place in that liquid. But what I 
want to draw your attention to is that there are several 
things that prevent that adion being as perfed as possible. 
The whole amount of force that is capable of being 
generated by that zinc plate, and by that copper plate, is 
not employed in the liquid, in the decomposition of that 
liquid, and I will point out to you where there are two 
sources of loss of force. If I make these touch together, 
at once we shall see that an adion takes place, and our 
magnet swings. But these jundions are very imperfed 
indeed, and there is a certain loss of force in them. If, 
instead of taking a piece of metal like this I had taken a 
very long wire, as we employ in our eledric telegraphs, 
of course the loss would have been much greater. 
But that loss of force is nothing compared with another. 
That is what is called the external resistance. Sometimes 
it is very great, but in this case it is not very great. But 
there is aloss of force in the liquid itself, by the resistance 
of the liquid. The liquid does not yield readily to the strain. 
There is something — there is a power in the liquid itself 
which holds its particles together, and it will not be influ- 
enced at once or readily by the galvanic current that 
passes through. Now, this resistance varies with different 
liquids. With all liquids it is considerable. Even with 
the dilute sulphuric acid which we have here it is very 
great indeed compared with what it would be if a metal 
were between the two. But suppose that, instead of 
taidng ittlphoric add, I had taken pure water ; it would 



have been very much greater. Supposing I had taken 
some organic liquid, such as alcohol, it would have been 
greater than in the case of water. Let me illustrate it in 
this way — very roughly indeed. Now suppose that we 
are operating with this illustrative apparatus, and we-take 
our force ; what do we have ? Supposing we have a certain 
force — the force of this falling ball striking upon the end ; 
what shall we have ? A certain effed produced at the 
other end. Away goes our ball to that distance. Well, 
we will mark that distance. Well, now we will take balls 
of another substance. These are balls of another kind, 
which we may suppose to represent atoms of another 
nature ; but we will employ the same force. These are 
wooden balls, and the others are some kind of porcelain 
or stone-ware. We will employ the same force 
by means of this falling ball, which represents the eledro- 
motive force. But now we have got a different material 
to deal with — a different material through which to send 
our shock ; what will be the effed ? Now, you see, the 
ball does not go to the same distance. You can easily 
understand that it depends upon the nature of these par- 
ticular balls how far the force will be transmitted. It 
depends upon whether they are more or less elastic, and 
hence I use this as an illustration of the amount of re- 
sistance that is offered by different liquids. 

This resistance differs according to circumstances. I 
think that we might show you that in another form. You 
will probably remember that when I took all these balls, 
and caused the force to be exerted on all of them, the 
ball at the end did not travel very far. I will repeat the 
experiment. I will cause the force to be exerted, and you 
will see the distance to which it sends the ball from the 
end. Supposing I had taken a much shorter distance — a 
much smaller amount ; we should find that, without doubt, 
the same force would send it very much farther. 

Well, now, I want to show you that with regard to 
water. I have here a little pure water in this vessel, and 
we want to arrange it so as to see whether distance — 
whether the length of the water — has not a great deal to 
do with this phenomenon. I take here the same met^s 
which I have employed before — the zinc and the copper. 
I have wires passing through this apparatus — this Thom- 
son's galvanometer — which I need not explain to you 
now. What I want to draw your attention to is this — 
that a feeble current passes through that apparatus, and 
we are able to show the movement of a small magnet — a 
very minute, delicately suspended magnet — which is there, 
and which has a mirror upon it. The light from this 
lamp will be refleded from the mirror, and will be thrown 
upon the screen. We must allow the beam of light to 
come to rest. You see there it is, just at the edge of the 
screen, swinging backwards and forwards. Now suppose 
that I were to place thse metals into the water: you 
perceive that it brings the beam of light to a certain dis- 
tance. There is a certain amount of force going through 
the instrument, and it moves the beam of light away, 
bringing it fairly on to the edge of the screen. Now at 
present I have about 2 inches of distance of water. Sup- 
posing I take about half that : you perceive that then the 
image of the mirror is brought farther on the screen. 
There is more adion, more movement of the magnet. 
Supposing I bring it a little nearer still. Then you per- 
ceive that they come nearer and nearer to one another. 
As I advance, and bring them close to one another, you 
perceive that then the image advances farther and farther, 
and I will endeavour to bring them nicely close by the 
side of one another. There you see, the beam has ad- 
vanced considerably from the edge. It is swinging back- 
wards and forwards, it is true, but still it has considerably 
advanced. Now I will move the metals nearer, and you 
see that the beam has moved to a more advanced part of 
the screen. I do not think that I n^ed push it further in 
order to show that the amount of distance in the water 
has a great deal to do with the amount of movement, and 
that the water offers a large amount of resistance. If I 
take only hsdf the amount of water a larger amount ol 
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the current passes through, and thus the image travels 
farther along the screen. If I bring the two plates very 
close to one another, as I did in the last instance, we 
bring the image considerably on to the screen. I will do 
it again. There it goes with a good swing. This shows 
that we have a considerable amount of force. 

Now, I want you to bear in mind very distindly that 
this resistance varies very much with the length of the 
liquid that is between the two metals. 

Now, the virtue of our copper-zinc couple is that, by 
means of it we are capable of getting rid entirely of any 
external resistance, and reducing the internal resistance 
of the liquid to the very minimum. We take zinc and 
we deposit copper upon it in a myriad of different places, 
and we immerse the whole into water, or any other liquid 
that we want to adt upon. Then, of course, there is no 
external agent at all, because the whole thing is inside the 
water, or the liquid that is to be adted upon ; and as to 
the distance of the water, the water will wet the whole 
thing. It will go round the zinc and the copper and be 
aded upon. But I must show you that by means of the 
microscope. We will take some zinc, and I will show 
you how the zinc decomposes the copper solution. If I 
put zinc into a copper cell, the zinc will take the place of 
the copper, and the copper is thrown down upon it. [A 
magnified shadow of the vessel and preparation was 
thrown upon the screen.] There is the zinc, and there is 
the copper. The copper will pass out of solution and be 
deposited on the other piece of copper, and the zinc 
dissolve. 

We have already made some preparations. We have 
taken some zinc, and if we put some zinc in the copper 
solution the copper is deposited on the zinc ; but it is de- 
posited slowly : at least, I think it would tire your 
patience if you were called upon to wait for it. Here is 
some that has been prepared a little while before the 
leisure, and it has grown. This black piece is the piece 
of zinc, and here is the copper which is growing. Of 
course, you see only the shadow of the copper and the 
zinc in this instance, and hence the things appear black. 
This is not really black : it is red copper that you are 
looking at ; but the shadow, of course, is black. You see 
these crystals that have grown out in various ways. 
Here is a piece of crystalline copper. See the graceful 
forms into which it has grown 1 Here are great masses 
of copper which have formed at the end of it, and which 
have stopped the progress, as they generally do. Well, 
here are little bubbles, there is the deep-coloured chloride 
of copper, and here are the crystals going into it, and 
there are the bubbles which are being formed. These 
are two substantial crystals of copper that are formed 
very like, in shape, the native metal that we get 
from Canada and elsewhere. I am sorry that I cannot 
show you the copper growing, but we will show you some 
of the copper which has been formed. We will take 
another metal. Instead of zinc and coppefwe will take 
zinc and tin. The tin is deposited much more rapidly than 
copper is, and hence we can see it being deposited before 
our eyes, and we can see it growing. Here is some cop- 
per, and you perceive that this, which was just a plain 
piece of zinc beforehand, has these little branches grow- 
ing about it. Bubbles are forming at the same time. 
You see how it is growing in various ways. I can see 
that these are actually growing out, and that there are 
currents being formed of various sorts. These are cer- 
tainly much larger and longer than when it was first 
placed upon the screen ; but still, I will try to show it 
with tin much more rapidly. You see the crystals shoot- 
ing forth — ^very beautiful points darting forward in the 
liquid. These are crystals of tin which are being formed 
upon the zinc, just in the same way as the copper, of 
which I was speaking just now. You perceive they are 
gradually growing aad pushing their way into the liquid. 
Let us try some other parts of the liquid — try the other 
side, and see how they are growing there. Look at this 
thread. It is growing gradually, and becoming thicker 



and thicker, with fresh crystals being deposited upon it. 
I will call your attention to the formation of bubbles here. 
This, of itself, made a start, just now, and pushed aside 
some of the crystals which were growing upon it. This 
is the thin thread of tin to which I alluded just now, and 
you see how it has grown and shot out this large vegeta- 
tion of tin at the side of it. You perceive, therefore, this 
beautiful natural growth of the metals round about the 
tin while the tin is displacing the metals from their 
solution. 

This, so far, then, will illustrate to you that zinc is 
capable of turning out other metals from their solution, 
or, as we say, it has a greater affinity for the acid than 
these metals, for it dissolves away in the acid, and these 
metals remain. Now, suppose I were to take 
some sheet zinc, which I have here. I will take 
a piece of it and straighten it out. Now we will put that 
into a solution of sulphate of copper. I do not know 
whether we shall see it best by gas-light or by daylight. 
Perhaps the daylight will do it best. As I put this into 
the blue sulphate of copper, you see at once that this 
bright zinc is losing its lustre. It is becoming grey 
against the copper; and as it goes down further you 
perceive that this portion which has been longest im- 
mersed becomes very black, and bubbles arise at the same 
time. The zinc is becoming covered with a black deposit, 
and is no longer bright. A black deposit of copper is 
being formed'upon it. Now we will allow that to go on 
before your eyes, and you perceive that it passes 
through a greyish colour into this black colour. This 
black deposit is metallic copper, though perhaps you are 
not accustomed to think of metallic copper as black. We 
generally think of it as red ; but still its colour depends 
upon its state of division and upon circumstances. I do 
not know why it is, but 1 think I may fairly say that every 
metal, if formed sufficiently slowly, and in sufficiently fine . 
crystals, appears perfectly black ; and this copper upon 
the zinc, as we make it for our zinc couple, appears of a 
velvety black, or nearly as black as velvet, which is the 
blackest of all blacks. We will allow that to go on. It 
is gradually progressing, and now the black copper is 
deposited upon the zinc. It is what we saw magnified 
on the screen just now; that is to say, there are myriads 
of crystals of copper — similar crystals to those whicK I 
magnified. I purposely made the largest crystals I 
could ; but there are myriads of crystals of copper all 
over the surface of this zinc, touching it at a great num- 
ber of points and covering it with a film ; so that if we put 
it into water, or into any liquid, the liquid will wet it all 
over, and get all among the crystals of copper to the zinc. 
We will allow this to remain until the end of the ledture, 
and I should not wonder if by that time the zinc removes 
all the blue copper from the liquid. 

The way in which we make this couple, then, is to take 
a quantity of this zinc foil and to pour upon it some sul- 
phate of copper. The sulphate of copper deposits this 
black covering upon the surface, and then we have what we 
want. It has to be washed and dried. Generally speak- 
ing, we wash it by means of alcohol, and afterwards by 
means of ether. We dry it in the way which Mr. 
Williams will kindly show to us now. Ether is poured 
from that little vessel, and then we have to get rid of the 
last traces of the ether. We dry it by warming it. You 
are aware that ether is a very volatile substance, and it 
cannot be heated without very soon going away 
altogether, and we warm it in an atmosphere of carbonic 
acid gas. If we begin to warm it, we first of all see 
whether the ether is really going off, and then we light it 
in this way. [The jet of ether vapour which issued from 
the vessel in which the couple was being dried was 
ignited.] We can see when there is no more ether left 
by its ceasing to burn. Now, during this time we are, of 
course, removing any extraneous substance. You re- 
colle<5i that the sulphate of zinc has already been washed 
away from the couple, and this is just to remove the last 
trace of water or of alcohol that may be employed. 
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Suppose we have now driven off the whole of the ether. 
Here is carbonic acid being produced, and it is bubbling 
through there in order to gel dried, because we inu>t us? 
dry gas. The dry carbonic acid is bubbling through there 
and It is taking the place of the ether. The ether is very 
nearly driven off now; and if we go on heating it more 
we shall presently find that a change takes place. Al 
prevent a change takes place, although there is not a greai 
deal either of zinc or copper in that bottle. We can reduce 
its bulk by beating it, and then at a certain temperature 
the line becomes exceedingly brittle, and falls down to 
the bottom. All this time dry carbonic acid is passing 
through. You cee now that the metal is reduced con- 
siderably in bulk, because some of it has broken down 
into powder; and we can use this powder as we wish, 
and weigh it out as we want it. [A portion a! the 
powder was removed from the flask.] There, you per- 
ceive, it the moat intimate mixture of zinc and copper 
which one can wett conceive. This is our line couple. 
and it is prepared to aifl upon any substance — prepared tc> 
a& like the zinc and copper plates, only there the copper 
and line is at about the distance of ten inches. Here 
they are touching one another — touching one another at 
myriads of points. There the zinc and copper had to be 
brought into connexion one with the other by means of 
another piece pf metal, while here they are already in 
connexion with one another. They are, touching ont 
another, and the liquid is touching them, so that instead 
of having one large cell with a large amount of resistance. 
we have a cell in which the resistance is reduced to an 
infinitesimal quantity, because the liquid completely 
Eciies the two metals — touches them at every point, and 
touches them at the points that are must important — the 
point of jundiion between the two metals in every direc. 
tiun. Hence the power of the two metals, whatever wc 
call it : and chemists call it the chemical power, or wc 
may call it the cledlro-motive power. Whatever power it 
may be, it it exerted at the best passible advantage. 

We may now lake substances like water or chloroform, 
which offer a very great resistance, and, by using this 
metallic powder, tear tbem asunder better than with alt 
the batteries that can be invented — better than by alt the 
galvanic apparatus which are in 
of the institutions in London. 
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1 the liquid in a more complete 

strength will seem to be greater," 
vete carried on with discharges from two 
cries — each composed of twenty lead plate 
a voltameter, containing a solution of 
iric acid. Various effefts were produced, 
which pole was first plunged into the 
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Thb author studied, with facility, the phi 
explains, by means of bis secondary battery; whereas 
varions lasanll (among whom were Davy, Grove, De la 
Rive, Ac), by using ordinary batteries, instead of a very 
high potential one, gave no satisfaSory analysis to their 
investigations. Ho says: "By following the passage of 
currents of variable potential into liquids, we assist, so to 
speak, in the struggle between the eleftric flow and the 
two forces (molecular and chemical) which tend lo main- 
tain entire the metallic molecules of the ele^rodes, or the 
elements of the liquid body contained in the voltamoter. 
If the ele&ic flow poBiess a high potential, the mecha- 
nical and calorific effefls dominate, the molecular attrac- 
tion is tnrercome first, the ele&rodes are diaaggregatMl, 
melted, or volatilised. If the potential is somewhat Jess, 
the ele^rodes form the seat of luminous phenomena, pro- 
duced by the space and the rarefied vapours surrounding 
them; the liquid, scarcely wetting the eleflrodes, is only 
decomposed with difficulty. Let the potential still 
further decrease, and the principal calorific and luminous 
phenomeaa disappear, whilst chemical decompoi ~ 



Plunge the positive platinum eleflrode into the vol- 
tameter. Let a piece of exposed platinum wire also form 
part of the external circuit, to show, by its appearance, 
the varying resistance of the circuit. Then plunge into 
the liquid the negative pole of the battery ; around it a 
shield of light appears, without sensible disengagement 
of gas. The platinum wire in the air does not redden ; 
but in two or three minutes it becomes incandescent, the 
luminous sheath disappears, and an abundant release of 
gas takes place at both poles. 

2. With a series of ten secondary batteries, whose dis- 
charge was equal to that from 300 Bunsen's elements, in 
potential series, the same experiment was. performed. On 
immersion of the negative pole, its fusion or volatilisation 
took place with a kind of explosion, and a flame diversely 
coloured, according to the metal employed. If the liquid 
contained but small traces of acid, so as to prevent the 
complete fusion of the metal, a continued series of sparks, 
accompanied with a crackling noise (analogous to that 
from induftion instruments) was produced, and these 
sparks were lengthened for several minutes, by gradually 
decreasing the current's strength. 

3. The most important phenomena arose from using a 
mixture of chloride of sodium. On immersing the 
nigativt pole first, to a depth of i millimetre, and on 
bringing the ^oiiIiv« pole into contaft with the liquid, a 
small luminous globe, of perfedt sphericity, was observed ■ 
around the positive pole, with a noise. On lifting the 
wire, the globule increased to nearly i centimetre in dia- 
meter ; by deeper immersion, a rapid gyratory movement 
ensued, and when it had acquired a certain Speed, it de- 
tached itself, as though attraSed by the other ele£lrode, 
its disappearance being accompanied with an explosion 
and a flame at the negative pole. The globe the author 
considers not to be gaseous, because the conditions of 
the experiment were not favourable to the decomposition 
of water. He considers it to be a liquid globule, in a 
particular spheroidal state, illuminated by the eledricity 
It encloses. 

4. Instead of plunging the wire into the middle of the 
liquid, let it approach the glass sides of the voltameter. 
A luminous eddy is produced, and a brilliant furrow, of a 
sinuous or rounded zigzag form, winds hither and thither 
around the electrode, to a distance of 3 or 4 centimetres. 
Should it reach the neighbourhood of the negative elec- 
trode it occasions an explosion, or a noisy spark with 
flame, as before. The lesson sought to be taught from 
these phenomena is that these luminous globules, charged 
with eledtricity, animated by a revolving movement, pro- 
luciog a zigzag furrow, and dispersing themselves 
with an explosion or noisy spark, present a reduced 
image of globular- lightning, or thunderbolts. 



THE DIRECT UNITED STATES CABLE. 



[ng condensed history of the adual laying and 
] lay the Direfl United States Cable will be of 



The follow 

ittemplB to lay ll 

interest for future reference. We take it bora the New 

Vork T4Ugrathcr. 

On the i6th of May, 1874, the steamship Faraday left 
the Thames for the United States lo lay the New Hamp- 
shire and Nova Scotia sefiion of the cable. Owing to 
loggy weather, the laying of this part was not completed 
. , until the isth of July. The Faraway then proceeded to 

ited; and »a, on the otlWr hand, the Nova Scotia for the purpose of BubmerBing the maio 
~ ' ~ ■ cable to a point on the coast of NewfoDDtuand. On tha 
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26th of July the cable had been laid from Nova Scotia to 
this point and was buoyed in Conception Bay. The 
Faraday then returned to Eneland to take on board the 
remaining portion of the cable. On the 20th of August 
the Dacia landed the Irish shore end of the main cable in 
Ballinskelligs Bay, Ireland, and on the 2nd of September 
the Faraday effected the splice between the shore end and 
the deep sea' cable, and commenced paying out toward 
Newfoundland. On the 4th of September, a fault bavins 
been discovered, the cable was hauled back, but parted 
during the operation. The cable was recovered, however, 
on the 6th, and the layin|; was proceeded with until the 
loth, when the cable again broke while being taken back 
for a fault. After many unsuccessful attempts at grap- 
pling, owing to the tempestuous weather, the ships re- 
turned to Queenstown harbour on the 2nd of Odober for 
the purpose of re-fitting and taking in coal and supplies, 
and proceeded again to sea on the 23rd of the same month. 
On the 2nd of November the cable was picked up and 
spliced, and paying out was resumed toward Newfound- 
land. The laying was continued until the 8th of Novem- 
ber, when another fault was observed, und the cable was 
cut and attempted to be buoyed. This, however, owing 
to the heavy sea, failed ; and, as the weather showed no 
signs of moderating, the ships made for Harbour Grace, 
N.F. After a short delay, they proceeded again to the 
grappling-ground, where they arrived on tlie i6th of 
November. On the 24th, after the cable had twice been 
lifted and again abandoned on account of the severity of 
the weather, the cable was brought up and eight miles of 
it taken back. The fault was found to be in these eight 
miles. Bad weather, however, still prevailing, the cable 

had to be buoyed, and on being taken up again on the 25th | of liquids, and with_care almost 
it parted while being raised to the surface. 

After several attempts to recover the cable, which were 
frustrated by the severity of the weather, the ships, run- 
ning short of coal, put into St. John's, N.F., on the 7th of 
December, and left again on the 15th. The Faraday 
now took up the Newfoundland end of the Nova Scotia 
and Newfoundland sedion, made a splice, and, after laying 
the shore end and intermediate sedions towards Ireland, 
aeain proceeded to grapple for the other end on the 19th 
of December. The weather, however, became so violent 
that, after the ships had kept to their work until the gth 
of January, 1875, they were obliged to return to England 
for repairs and new stores. About two months ago, the 
Faraday returned and completed the task which bad been 
beset with so many cares and difficulties. 

By the laying of this cable, we have now five cables 
connecting the North American continent with Europe, as 
follows : — 

Years. Length. 

1866 Ireland to Newfoundland 1896 

1869 Brest to Dukbury, Mass., via St. Pierre 3330 

1873 Valentia to Newfoundland 1900 

1874 H II 11 1900 

1875 Direct cable 1 3060 

The new cable is laid from Ireland to Nova Scotia, and 
thence to Rye Beach, New Hampshire. 



PROCEEDINGS OF SOCIETIES. 

PHYSICAL SOCIETY. 
Thursday f yunt 26, 1875. 

Professor G. C. Foster, Vice-President, in the Chaff. 



The Earl of Rosse, Mr. L. Schwendler, and Mr. R. S. 
Brough were eleded members of the Society. 

Mr. W. J. Wilson read a paper on "i4 Method o/" 
Measuring BUctrical Resistance of Liquids.** Great diffi- 
culty has Ittlharto hwa txperienced in measuring the | 



the eledrodes, and most of the methods hitherto employed 
have aimed at reducing this to a minimum by using large 
eledtrodes and very weak or rapidly alternating currents. 
The determinations, however, are difficult and require to 
be quickly performed. The following method is easy 
and is free from both the above objedions. The 
arrangement in its most simple form consists of a long 
narrow trough filled with the liquid to be measured, say 
dilute acid. A porous pot containing a zinc plate in 
sulphate of zinc being placed in the acid at one end of the 
trough, and a similar pot with a copper plate in sulphate 
of copper in the acid at the other end ; the whole arrange- 
ment forms a sort of elongated Daniell's cell, the chief 
resistance of which is in the long column of acid. The 
circuit between the plates being completed through a 
resistance-box and mirror galvanometer, the current is 
shunted until a suitable defledion is obtained. One of 
the porous pots is now moved along the trough towards 
the other, and, as the resistance of the circuit is thus 
reduced by shortening the column of acid, the galvano- 
meter defledtion largely increases. The external resist- 
ance is now increased by means of the box until the 
defiedlion is reduced to the same point as at first. This 
resistance put into the circuit is evidently equal to that of 
the liquid taken out, and thus a measure of the liquid 
resistance is obtained. Two forms of apparatus were 
shown. In one, the vessels, containing sulphate of zinc 
and sulphate of copper respedlively, formed pistons in a 
glass tube which contained the liquid to be examined. 
In the other, two pairs of concentric vessels were connected 
by a bent glass tube which contained the liquid under 
examination. The method is applicable to a great variety 

any degree of accuracy 
may be obtained. The chief obstacle to ex&A measure- 
ments lies in the fadl that the resistance of liquids is 
greatly afleded by temperature, but this difficulty is, of 
course, common to all methods. Mr. Wilson has been 
experimenting with brine and gave some of the results 
obtained, but he has not as yet made a sufficient number 
of experiments to complete'a table. A mode of arranging 
the apparatus in a differential or bridge form was also 
described, but it has not been found necessary to use it ; 
the simple circuit arrangement giving accurate results 
with less trouble. 

Prof. Foster asked whether experiments had been 
made in order to compare this method with Wheatstone's, 
which differed from Mr. Wilson's as liquid ele<f^rodes 
were not used. He then described an arrang^ement he 
had adopted for measuring the polarisation of plates in a 
voltameter. 

Prof. McLeod stated that he had used plates of amal- 
gamated zinc and reversed currents to overcome polarisa- 
tion. He found that some salts, chloride of zinc lor 
instance, had points of 'maximum condudivity which 
corresponded to a definite degree of concentration. 

Prof. Guthrie considered the research to be interesting 
as showing that points of minimum resistance might 
coincide with points of definite hydration of the salts. 

Mr. Wilson, replying to Prof. Foster, stated that the 
chief objedion to the use of metal plates is not a variation 
of the eleAromotive force of polarisation, but is due to the 
accumulation of bubbles of gas on the metallic surfaces. 
Dr. Stone made a communication "Oit Subjective Sen' 
sations of Taste.** He drew attention to two simple ex- 
periments. The first consisted in applying a strong 
dilution of nitric acid to the root of the tongue by sucking 
it through a fine glass tube. If simple water were 
swallowed diredly af^er this, a powerful sweet taste was 
felt. The same occurred if the acid wens simply sipped; 
though not so quickly, from the time required to remove 
the acid from among the papillae. He compared this 
effed^ to the complementary images seen in the eye after 
gazing at a powerfully illuminated body. 

He then adverted to the taste of the galvanic cniruit. 
In the well-known experiment with pieces of xThc and 



in _ ^ 

resistance of dcdbolytei on account of the polarisation of ' silver, it seemed sine was a^ually dissolved in the saliva. 
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But, if the pole of a strong battery (ten Grove's cells in / for stridlly diplomatic dealing. The British Postal 
this case) were applied to the nape of the neck, and the 
other to the forehead, besides the well-known flash of light, 
a powerful taste was experienced of a metallic charadter. 
It disappears on breaking conta<a ; and for this reason, as 
well as from the faft that the tongue is not in the dired 
line of circuit, and also that there is no substance in the 
saliva likely, by decomposition, to cause metallic depo- 
sition, it could hardly be referred to chemical aAion, but 
must result from dired stimulation of the sensory appa- 
ratus. He thought a glimpse might thus be obtained of 
some correlation between the modns operandi of hearing 
and sight and that of taste. In the firsc case, a supple- 
mentary and automatic sensation, in the second the efledt 
of a metallic solution, both entirely subje^ive, were ex- 
pited, without the presence of any vapid substance. It 
seemed possible that both were due to molecular motion, 
as, indeed, had long ago been held with regard to smell ; 
and that, perhaps, ultimately all the intermediate senses 
might be found to occupy positions in the gamut of vibra- 
tion between the last cognisable by the ear and the first by 
the eye, or rather by jthe touch in the form of heat. 

Mr. Roberts mentioned an instance in which sudden 
danger had been followed by the peculiar taste which re- 
sults from the introdu^ion of two coins into the mouth, to 
which allusion has already been made. 

Professor Foster thanked Dr. Stone in the name of the 
Society, and ekpressed a hope that he would continue his 
suggestive and important experiments. 

Pour other communications were made, of which ab- 
st'rads will be given in a future number. 



NOTES. 



Chb International Telegraph Congress now sitting at 
St. Petersburg has decided in favour of the retention of 
the twenty words message as the normal length of tele- 
graphic despatches. Above that length additional words 
are to be counted by fives, instead of tens, as at present ; 
and a twenty-five word message will be charged only 
five-sixths of the price of a thirty- word message. The 
franc has been adopted as the standard of value in 
(raming the tariff, and the unit in international tele- 
graph accounts. The British proposal that the base on 
which the tariff should be fixed shall be the number of 
letters in a word and not the syllables, was, according 
to the Pall Mall Gazette^ privately communicated to the 
representatives. A resolution accepting this principle f the Western Union, amounts to a very large sum of 



has been adopted by the Conference. Within the limits 
pf Europe, five letters are equivalent to a word, and ten 
on transatlantic lines, or lines going beyond Europe. A 
resolution forbidding the artificial formation of com- 
pound words has also been adopted. The idea of using 
the whole word as a base for the charge is too much in 
favour of the Teutonic system of forming compound 
nouns by simply joining two or three in one, instead 
of conneding them by prepositions, as in French and 
other Latin tongues. Thus one of the commonest 
orders sent on the Continent, that for firewood, might 
be given by the one German word Brennholz, or by our 
own similar compound, whereas the Frenchman would 
bave to pay for three in sending for his bois de chauffagt, 
Che leading represtntativet have been instru&ed that 
Che queition of the retpeft to be paid to lines of postal 
telegraph! in time of war mutt be left, ai one more luited 



Telegraph Department is represented at the Conference 
by Mr. H. C. Fischer, the Controller of the Central 
Telegraph Station in London, and Mr. Allan E. 
Chambre, the Surveyor of the Private Wire Branch of 
the department. Col. Robinson, with Major Bateman, 
represent the Indian Telegraph department; Sir James 
Anderson and Mr. Lewis Wells (formerly of the Eledlric 
and International Telegraph Company), the Eastern 
Telegraph Company ; Sir James Carmichael and Mr. S. 
M.Clare, the Submarine Company; Mr. Andrews, the 
Indo-European Company, and Mr. H. G. Erichsen, the 
Great Northern Company. 

Several attempts have been made during the past two 
or three years, says the New York yournal of tht 
Telegraphy to apply the *' Duplex '* to the Combination 
Printing Telegraph instruments. The results obtained 
show conclusively that the application could be made 
successfully, the principal objedion to its pradical use 
being the mutilation of the printed slips by** breaks'* 
from the distant stations. This objedion has been com- 
pletely removed by an ingenious application of the 
** Quadruplex " system to the printing instruments, by 
means of which the receiver at either end of the line can 
at any time ** break " his sender without in any manner 
interfering with or attrading the attention of the other 
two operators. This system has now been in pradical 
operation on the New York and Boston circuit for two 
weeks, with eminently satisfadory results. The oldest 
and most experienced operators in the printing service 
express the opmion that with the new system their work 
is performed more easily and satisfadorily than by the 
ordinary method of single transmission. 

From the same source we learn that Prof. T. Egglestoh 
has made a long and systematic series of experimental 
investigations into M. Bastie*s new process of tempering 
glass. The prospedive value and importance of this 
discovery to telegraphic interests can scarcely be over- 
estimated. Glass is very extensively used in telegraphy, 
mainly for line insulators and battery jars ; and the lost 
by breakage in these two items alone, to a Company like 



money annually. By the aid of this new discovery the 
average insulation of the wires may be vastly improved \ 
for not only will cracked and broken insulators become a 
rarity, but the form of the insulators themselves may be 
greatly modified with advantage. One great difficulty ha 
hitherto been, that the disposition of material best 
adapted to secure good insulation — that of a hollow 
cylinder of great length and small diameter— jjls most un- 
favourable in resped to mechanical strength, and for this 
reason we have hitherto been obliged to make a compro- 
mise in form, which materially reduces the eledrical 
resistance of the insulator during rain. The new process 
of tempering the glass will afford great possibilities of 
improvement in this resped. There are also many minor 
applications of this substance that will suggest themselveb 
from time to time, — for instance, as a lubstitute fori rd 
rubber in the manufadure of eledrical and telegraph! 
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Compici Rcndui Hebdoniarlaires det SeaHcet di VAcadimii 
dct Sciencti, vol. Ixxx., No. 21, May 31, 1875. 
Rapidity of Magnetisation and Demagnetiaation 
of lion. Cast-iron, and Steel.— M. Deprez.— The tell- 
tale machine used in researches, of which the following 
are the results, will be fully described in a later number 
otthie journal:— The pieces of iron in it composing the 
elefiro-magnel are removable, all the other pieces, such 
as coils, armature, style, &c., remaining intad, so as to 
give evidence of the inHuence of the metal composing 
the el eAro- magnet. "The metallic portion of iheeleflro- 
magnels, which ! placed successively in the magnetising 
helices, was formed of two cores a m.m. in diameter, and 

of wire 0-2 m.m. in diameter. The battery used con- 
sisted of one Bunsen element modified by M. Dulaurier. 
Lastly, the varieties of iron experimented upon were the 
ordinary iron of commerce, the soft iron of telegraphy, 
malleable and grey cnst-iron, and drawn and tempered 
steel. The results obtained were quite unexpedled for 
soft iron, ordinary iron, malleable cast-iron, and evtn 
timptrid steel, as they gave almost precisely the same 
readings, viz. : — 



Duration of the phas 



of demagnetisation . . 

magnetisation {ap- 1 









proximately) . . 
Orey cast-iron gave still better resu 
magnetisatiun was reduced to about 
This last metal, therefore, is that w'hYch will enable ui 
(according to the author) to attain the greatest possibit 
rapidity in the transmission of signals. 
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molecules of the 
body influenced are magnetically polarised, so as Id pre- 
BEnt poles of a contrary name to those of the magnet. 
These molecules will then be eo many small magnets 
inverse to the magnet influencing them, and adling at 
very small distances upon the medium which transmits 
tiie luminous vibrations. The intensity of this ailion is 
eminently variable with different bodies ; it may depend 
upon their specific magnetism, and upon the reciprocal 
distance of the molecules. It is thus possible to conceive 
tliat the inverse afiion of these molecules may consider- 
ably lessen the dired aftion of the magnet ; and even if 
the body is very magnetic, and under suitable conditions, 
ihis molecular aflion may become predominant, display- 
ing a negative rotation as is observed with certain salts 
cf magnetic metals. En reiumi, the experiments demon- 
strate that in bodies feebly magnetic and very tefraQing, 
\vbich have not hitherto been studied, the increase of the 
magnetic rotatory power follows as a rule the increase in 
the index of refraction. 

No. 23, T875. . 

Report of the "Commission on Lightning Con- 

dudtors" Relative to a New Arrangement for 

Powder Magatines. — The new arrangement refers to 

the proposition of tonittufling air-shafts so as to plac 
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1, 1875- 

ic Polarisation. — Henry 
marked that bodies endowed 
:neral1y possess a great magnetir 
imerous exceptions to this rulL 
nee of these two physical pro- 
pemcB. iiiiiiKin^ tii^i. if bodies were slightly magnetic 
and very refrafting, the influence of refraftion might 
become convincing, and that it would be possible, under 
these conditions, to display a relation between refradion 
and magnetic rotation, a very powerful eledtro- magnet 
was made use of, through whose armatures was pierced 
a cylindrical hole following the line of the poles. The 
measure of the rotations was effe^ed by means of one of 
Jellet't penumbra polariscopes. The sources of light 
were the mono- chromatic flames of sodium, of thallium, 
and the flame of lithium seen through red glass In 
eliminate the orange light. Several experiments were 
made, and tabulated in two tables. In one of them the 
substances chiefly comprised compounds of chlorine, 
phosphorus, sulphur, and carbon, and they present a 
regular increase of rotation for the same length of wave, 
in proportion as the index of refraAion increases. The 
second table does not show the same feature of regu- 
larity ; and this may be attributed either to etfefis ol 
lamellar polarisation, as in the diamond and garnet, to 
the presence of magnetic bodies, or to unknown caines, 
Uay we not possibly account for theic eBe^a by allowing 



doptsforhis new powder 
nation chimneys, and arranges the system 
so that the superior extremity of the 
n always Inrgely included in the generally 
of proteflion, the commission is of opinion 
thcsi chimniei will not btcomi in ltmi% of 
il canst of danger. However, in certain 
when, by reason of the impossibility of 
nderlying inexhaustible sheet of water. Or 
/ of seeking for water at a large distance 
by conduflors too much exposed to risk of mallcioua 
:cidcntB, it is found advisable to give up supplying a 
lagazine with lightning condui3ors, then air-shafts will 
e an element of considerable danger — especially when, 
. n account of atmospheric causes, their interior sides 
becoming damp. Under such circumstances they should 
never l)e built," 

No. 34, 1S75. 

The number contains no papers on elefirical science, 

being filled with the usual annual announcements of 



pQggtKdarg's AnnaltH der Phyiii 
No 3, 1875. 
Contributions to EleAro-dynam 

According to Ampere's law, the rot; 
dynamic rotatory apparatus is due 
immediately by the marnet 
of the ^'- ■-■• 
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und dtr ChtmU, 
ica.— M. Zollner.— 

individual elements 
id'or; but Helmholtz represents it 
:d by the magnet on the particles 
of mercury, and then from these on the moving part, the 
seat of the aflion being thus only where the wire is \a 
conlaa with mercury {the particles of the tatter are put 
in rotation, and by adherence to the condudor carry it 
along with them). M. Zoltner sought tu decide between 
these two view* by experiment. He modified Faraday's 
experiment by shortening the arms of the horse-shoe 
wire and hanging from them chains which dipped in the 
mercury. If the impelling force be merely in the gliding 
part (GleilslilU. i.c. where the chain and mercury are in 
contaS), the chain should mt 
and pull the wire above after it 
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the bent wire moves round and dragi the chain. Farther, 
the chain ghould take a certain dire^ion when the wire 
is held Tatt j but it does not. Helmholtz has thought to 
bring the eiperiment under his theory; M. Z51Iner here 
adduces a number of other experiments sugiporting his 
view, aad elucidating the mechanics of the gliding parts. 
These cannot well be described without the figures. 

Relation of Temporary Ma^etiam to Ma^etising 
Force, aod its Bearings on the Reciprocal AAion of 
Metallic Particles,— M. Bomslein.— The nature of the 
expeiioients was briefly this : — Fine powdered maiies of 
the magnetic metals, chemically prepaied, and mixed 
variously with argillaceous earth, were enclosed in glass 
tubes, corked at both ends, thus forming ban of various 
density, which could be thrust into and drawn out of a 
magnetising spiral. A small steel magnet with mirror, 
was hung a little way off the end of the coii, and above 
ita level. The defle&ion by the coil was compensated by 
a simple circuit on the other side, which received the 
same current. The defie^ing aaion of the magnetised 
bars was thus brought into prominence. Each bar was 
■ubjeded to currents of different strength, and the 
residual maf-netism examined. Jntir alia, it appears 
that by mixing a non-magnetic substance with iron, the 
magnetic nature of nickel or cobalt may be imparled ; 
and similarly, to nickel, the magnetic nature of cobalt 
(disregarding the absolute weight of the metal). The 
phenomena of temporary magnetism arc afTefled in the 
same way, when one increases the dimensions in 
direfiion of the magnetising force at cost of the other 
dimenaiona, as they are when ore separates the small 
particles of the magnet from each other. The metal 
diluted as described presents more favourable conditions 
foi magnetisation than massive metal. Bars of different 
density show magnetism the differences of which 
decrease with increasing magnetisalion, and. On satura. 
tion being reached, quite disappear. The entire 
reciprocal adion decreases with increasing magnetisation. 
B» risumt, the course of magnetisation in soft mag. 
neliiable metallic bodies depends both on the form and 
the density of the magnet, and this dependence is lo be 
explained by the reciprocal aflion of the magnetic 
molecules. 

Transition Resistance (Uebergangs-wideistand) 
of Metallic ConduAoTs.— M. P. Mijiler.— The author 
suspended a brass chain by a double hook from a 
mercury cup; it had a weight scale at the lower end, 
and another mercury cup, and was enclosed in a glass 
tube. The current sent through it had to pass sixteen 
pcnots of contaA. The slightest shaking was found to 
greatly alter the resistance ; but this was remedied by 
first tapping several times on Che support till the needle 
became stationary. Weights of loo to 400 grms. were 
used, and it appeared that transition resistance is inde- 
pendent of the intensity and the eleflro-motive force. 
Its amount is extremely small, even if the conductors are 
in contadl at one point with a pressure of 400 grms. 
The experiment was not adequate to show the depend- 
ence of transition resistance on the amount of pressure- 
In a binding screw a pressure of several kilogrammes 
may be produced (not to speak of the fai3 that the con- 
ua is Dot at a point, as in the chain, but in a line). 

Specific Heats of the Elements, Carbon, Boron, 
and Silicium.— Dr. H. F. Weber. 

On Unpolarisable Eledlrodes.—M. Oberbeck.— Du 
Bois Reymond discovered that amalgamated zinc plates 
■how no polariiatioQ in solutions of zinc sails; but 00 
sufficient explanation has been given of this. From his 
own experiments M. Oberbeck infers thai the property 
essenli^ly depends on the peculiar behaviour of the 



Their non.polarisability is thus only of a limited 
character. 

Simple Way of Finding the Pole of a Bar 
Magnet.— M. F. Miiller.— A magnetised sewing needle, 
between two pieces of cork, is floated horizontally on 
water, and allowed [0 place itself in the magnetic me- 
ridian. A pointed iron wire is brought down, in vertical 
position, towards one of the ends. The needle iheo 
shifts in position, till the resultant of all forces goes ver- 
tically through (he iron wire. If the wire point be care- 
fully brought closer till it touch the magnet, contaA 
takes place at the point of strongest altra^ion. To mark 
th^a pole point, the point of the wire is previously dipped 
in dl paint. On repeating the experiment, the same 
yiuintis always found. 



jfoumal dl Pkytiqtit, May, r875. 

On Currems of Mechanical Origin. — M. Booty. — 

The author has shown that the intensity I of a current, 

produced fay expenditure of r kilo gram metres per second, 

in a circuit of total resistance, R is represented by the 



leof M. Rossetti's 



■/i 



:perimen(E with the HoItE 
niacnine seem in contraaiction with this. M. Bouty 
sdckj lo prove that they are nol really so. The mode of 
produflion of energy generating the current of the Hollz 
mnchine is quite different from that in batteiies. In the 
liiiier, the charge produced per unit of eleflricily trans- 
ported is constant, and this is why Ohm's law applies: 
in the former, the energy expended per unit of time is 
■lixed, and Ohm's law has 10 be replaced by the formula 
above, along with another, viz., r = * (Iv)-hRI* ; f (U), 
bcins a function of the intensity of the current and the 
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, Determination of the EleAric Capacity of Bodies, 
and Condensing Power, by means of Thomson's 
Electrometer. — M. Terquen. — The author describes im- 
provements on Thomson's instrument by M. Branly ; also 
M. Angot's method of using it for ihe purpose indicated. 

The Eledlric Light in Rarefied Gases.— M. Daguenet. 
— He produces the Geissler-tube effefls in the vacuum of 
a barometric tube, soldering a platinum wire al the upper 
part, and putting the other eleftrode in the mercury. 

Note on a New Method for Finding Iron Ose, 
by Means of Magnetic Measurements, and Account 

of some Experiments on this Subjeift.— M. Thalen, 

The method is adopted in Sweden, and M. Thalen em- 

Eloys the needle for ascertaining not only the existence, 
ul the strength, general direiftion, and depth under the 
soil, ofthe masses of ore. 

Researchea on Interrupted and Interverted Cur- 
rents, and their Thennal and Eleclrodynamic EffeAs. 
-— M. Villari. — An iron wire is heated more fay an inter- 
rupted current than by a constant one, and still more, if 
the diredion be reversed at each interruption. The 
augmcntid rahtanct increases (M. Villari finds) with the 
thickness of the wire ; also with the intensity of the cut- 
rent, but only to a certain limit. It further increases 
with the rapidity of the interruptions and the number of 
reversals per second. 



EitrrloriviH fur Exttrimmlal Pkysik, 

Heft I, 1875. 

Determinations of Magnetic Declination in Russia. 

-Smiinow. 



COMMERCIAL NOTES. 

Thb Manager of the Direa Spanish Telegraph Com- 
pany {limited} has issued the rollowing circular : — 

" io6, Cannon Street, London, E.C., iit July, 1875. 
"Sir,— Several shaieholdera having enquired the cause : 
of the present low quotation of this Company's ordinary | 
■nd preference shares, I am instruAed by the hoard to '■ 
•tate that they see no ground for such depreciation ; on 
the contrary, they congratulate the shareholders on the , 
tatisfaflory progress of the company's business. The 1 
account* for the haif-year ending 3ath ultimo show proGi* ' 
■ufficient 10 pay a dividend for the past half-year at the 1 
rate of live per cent, per annum on the ordinary shares, 
after providing all interest on preference shares up to 
thai date. All quarterly halancea up to 31st March last 
have been regulaily received from the Spanish and French 
Governments. Both the Company's cables continue in 
excellent working order. — I am, Sir, your obedient ser- 
vant, Charles Gerhardi, Manager." 

The average receipts of the Anglo-American Telegraph 
Company during the fitat completed week of the month 
were £1150 per day; on the second week, £i'g3; and 
on the ihird week, £1256 per day. From the ist of May 
the larifF has been reduced from 4s. to 3s. per word. 

Interest on the shares of the Great Northern Telegraph 
Company al the rate of five per cent, per annum is pay- 
able this day, at the offices of Messrs. C. J. Hambro and 
Son. 

The net profits ofReuiet's Telegram Agency for the 
year ended December, after payment of current chargca , 
were ;C63ig including ^^244 brought forward. The usaal 
interim dividend of ai per cent *as paid in Oflober, and ^_^„. ,^^;„,_ j^^^ CJough. manager, 

a further dividend of 8s. r" "hare is now recommended, November aS, 187+.-N0. 4086. Upon the track of 

making 71 per cent, for the year. ■ , u ' way is placed three insulaied rods, to which are conneaed 

An extraordinary fall occurtingin the quotations of the [n,ervala balleries from which currents ate transmitted 

•tock of the Submarine Telegraph Company, the Seer intervals irom wnicn currents ate transm ea 



PATEHTS. 

ABSTRACTS OF SPECIFICATIONS. 
Improvtmenii in aulomatic chemical leltgrapht, torn- 

iind apparatus coniticted thcTcaitk, port of the said jin- 
frovtmenU being alio applicablt to other telegraphs. 
Alexander Melville Clark, patent agent. Chancery Lane, 
Middlesex. (A communication from William Edward 
Sawyer, Washington, Columbia.) November at, 1874. — 
No. 40C3. The present invention relates to a new and 
improved system of automatic chemical telegraphs, com- 
prising transmitting and receiving instrumenta, circuits, 
and apparatus connedled therewith. 

Improvemettls is electric telegraphs. Sir Jamen Ander- 
:ion. Knight, and William Henty Ash, 66, Old Broad 
Street, London. November 27, i874.^No. 4075. Accord- 
ing to this Provisional SpeciRcation, in duplex working an 
elearo-magnet or indufiion coil ia put in circuit in the 
iftual line. In single working, an eledro-magnet is placed 
immediately after the sending key. 

An improved mode or method of commuyiicnting betwertt 
Ihe guard of a train in molioa and the station-master 
during the transit from tlation to station. George Pock- 
ncll, Exeter. November 2S, 1874.— No. 408]. This con- 
aitlB in an arrangement of wires and stops close to the 
edge of the line or sleeper, said stops being afied upon by 
a spring from beneath. The guard's carriage is furnished 
with means for pressing down the stops, so as to bieak the 
. current of eledliicity which passes up into carriage, and 
I connefted with elearo- magnetic telegraphic apparatus. 
I - Improvements in the melhod of, and apparatus for. sig- 
i nailing trains. John Clough. manager, Bradlord, York. 
[87+.— No. 4086. 



announced by circular that all 

working order, and the receipts much the same as in the 
corresponding half-year. He attributes the fall lo Iht 
aftion of parties hostile to the Company, who are endea- 
vouring to obtain possession of the stock for other pur- 
poses at a low price. 

Speaking of the Slate of the Telegraph Share Market 
the Examiner says— "Althoagh the new cable 10 Americi 
U reported laid the shares have declined, which can on1> 
be regarded as extraordinary, considering thai previous lo 1 q^,^, 
the news of its total submetBion the shares stood at about | .j.^^ 
a higher than at preient. Atlantic telegraphy may be ^j^j 
profitable, and undoubtedly would be, were it not for the ', ,,„, 
fiia that so many people, as a rule, have a finger in th< 
pie, and each wants aplum, and, moreover, generally geli 
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telegraphic apparatus partly applicabU 
s. Stephen Mitchell YeaCes, optician, 
Dublin. December z, 1874.— No. 4141. 
:nts are applicable to indicate the position 
in either dirediion of any axis at a dis- 



The Western Union Telegraph Company have declared 
their quarterly dividend of 2 per cent, payable on the 15th 
inst. The net earnings of this Company for the year 
ending June 30lh, 1B75, including the sum of 7S8.55i'49 
dols. brought forward fiom last year's income account, 
amount to 3,9ra,484-39 dols. (May and June estimated) ; ^^^ 
and, after paying its interest on the bonded debt for the ^^jth 



ImpTOiicmcnts in apparatus for signalling. John Thomas 
Gent, eleflrician, Leiceater. December 14, 1874.— No. 
4300. This invention consialG in apparatus for signalling, 
composed of an elcftric bell and indicating tablet. The 
rising of a vertical eliding-rod liberates the indicating 
cablel, and shows the room or place from which the signal 

the elc^ric bell and causes the bell to ring. The vertical 
itiding-rod may be raised by an elastic air-chamber under- 
- — "' '' Compressed air being forced along a lube to the 



dividends of . 

payable on the 151b inst., there remains a naiancc to me 

credit of income account of 780,674 dols. 

With the steamship Professor if on; the Cuba Submarine 
Telegraph Company are about to lay a duplicate cable 
between Punta Rasaa and Key West. 

At a recent meeting of the Eastern Extension, Austral- 
asia, and China Telegraph Company the extension of the 
■yslem to New Zealand was approved, and the DireAors 
were authorised to proceed with it, and also to enter into 
any agreement with the Government of New Zealand ] 
tbej might think advisable. An interim dividend for the ,' 
quarter ending the 31st March of 31. per share or 6 per) 
^t per asann ia payable on the ijtb iHi. 1 
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I BATB tlioaght that a description of the npparatut which 
I fitted up in tba courae of my lesearchei on AttraiSion 
and Repaluoa' for the nurpose of preparing a vacuum 
which would not carry a caireat from a Suhmkorff coil 
might, p«ttlap*, be uacfu.' to some of the teadera of this 
jouinaL Neither the bcjt vacuum my air-pump would 
give nor the ordinary vacuum produced by the Sprengel 
punp wen aaflcieiitly good Tot my experimeati. I could 
prepare a vacnam with my Sprengel pump which would 
hardly allow an indudion current 10 iraverge it, or would 
only ahow a laint cloud-like discharge 1 but it wai impot- 
sible 10 effcA thia in the large tubes I required for my 
experioienti. I ttaeccCore fitted up the apparatus shown 
in the woodcut, and by this meani I proved that in a 
chemical vacuum, which will not carry ao induAion 
current, the repulsion by radialioo is decided and 
energetic. 



to cool in a vacuum ; « is a mercury joint, conneding the 
apparatus to the Sprengel pump. At the upper pad of 
the lube ({ is a stopper fitted inlo a funnel joint aad 
capable of being replaced [at «t)Own in figure) by a lube 
through which 1 could pass carbonic acid when desirable. 
The carbanic acid was prepared by the adion of hydro- 
chloric acid on marble ; when not being passed into the 
exhausted tube, the ga.s was liept bubbling through mer- 
cury, where a tube full could be colIeQed from time IQ 
time [as shown in figure) to test with potash. It was- 
found necessary to keep the evolution going oq all tba 
time pretty briskly, to prevent air diffusing in. The joint* 
were made of double caoutchouc tubing, the smaller ope 
tightly wired 00 and coated with glycerine before (he 
larger tube was slipped over it. The whole was then 
tightly bound with wire. To prevent ait creeping down 
between the mercury and the glass, glycerine was poured 
over all the mercury joints, except the one at the top o( 
the mercury fall-tube, which was kept for oil of vitriol, 
with which the pump was lubricated from time to time. 
The apparatus being exhausted of air, the balance waa 
adjusted by heating the ends so as to slightly char the 
one which happened to be the lower. / and g are two 
collars of silver foil encircling the tube where ' the lieal 
is to be applied, and connected with earth by wire. At a 
very high larcfaftion the flame of a spirit-lamp excites so 
much eleSiical disturbance in the balance that it* adjust- 
ment becomes well oigh impossible. This arrangement 

adopted In the endeavour to carry off the eleiSricIty ; 

■ " ' ' d the eleilrifi- 




II i n the tube containing a straw beam with pith ball 1 cation of the balance at the highest rarefaftioni 11 atill 

terminals ; at h two platinum wires are passed through, very troublesome. 

to conned with an induaion coil -, at a the tube is con- The air having been moved from the apparatus as per- 
tra^9ed to allow the apparatus to be sealed off ; t is a por- fcftly as the Sprengel pump would effe^ it, carbonic acid 
tion of the tube containing a copper boat filled with was let into the tube by cautiously opening the tap h. 
freshly cast sticks of caustic potash ; d Is a lube bent as Exhaustion was again effedied, and carbonic acid passed 
shown, and neatly full of strong sulphuric acid, which has I in a second time. This was then pumped out, and the 
been previously boiled for some minutes and then allowed I apparatus was filled a third time. This alternate filllnB 
" with catbonio acid and exbaustloit WM contlnusd u 
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studies on Fricttonal Electricity. 
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this was found to be the case, the exhaustion was allowed 
to proceed to the highest possible point.* The pump was 
then stopped ; an indudion-current now being passed 
between the wires at the end h showed the usual white 
light of a carbonic-acid vacuum (a trace of red shows at- 
mospheric nitrogen). 

The sticks of potash in the copper boat in c were then 
heated to incipient fusion, and the whole was allowed to 
cool for some hours. The tube was then sealed off by 
applying a spirit-flame to the contraded part a; the 
potash was then heated again, and the whole was set 
aside to give the potash time to absorb the residual car- 
bonic acid. 

By testing from time to time with an indudion coil, 
the progress of the absorption could be traced ; and when 
the current ceased to pass through the tube, but preferred 
to strike across in air the .full length of the spark, the 
vacuum was considered nearly perfed. Warming the 
potash with a spirit-flame, at any time, will cause it to 
give off sufficient aqueous vapour to allow the spark to 
pass as a cloud-like luminosity. This will be gradually 
absorbed until, in the course of from a few days to a 
few weeks, the vacuum will again cease to condud. 

I have called this a chemical vacuum, because I 
objedt to the word perfect as applied to any vacuum at 
present known ; for where force can travel, we are not, 
I maintain, justified in assuming the absence of matter 
— imponderable it may be, and unaifeded by ordinary 
forms of force — but none the less matter. 



STUDIES ON FRICTIONAL ELECTRICITY. 



In his comparison 6f fridional with galvanic eledricity, 
Gauss observed this difference among others, that while 
the latter obeyed Ohm*s law, the strength varying with 
the resistance, the current of the eledric machine re- 
mained constant, however great the resistance presented 
by the body through which it flowed. Poggendorff, too, 
apparently verified this for the Holz machine. Gauss 
sought to explain the difference by a difference in the 
development of the current, which, in the case of the 
eledric machine, depended exclusively on the working of 
the machine; whereas, in all other eledromotors, the 
quantity of eledricity depends on the resistance, the 
eledrometive force remaining the same. 

In a recent interesting paper by M. Francesco Rossetti, 
not only the explanation, but the phenomenon itself, is 
questioned ; though, in his first experiments, this Italian 
observer got the same defledion of the galvanometer, 
whether he let the current (of thejnachine) go dired into 
the galvanometer wire, or made it pass, first, through a 
resistance of 10,000 Siemens units. We will try to give 
a brief outline of his argument. 

Gauss's explanation would be corred if the quantity of 
eledricity which the machine furnished at each turn 
were the same ; which would certainly be the case if the 
rubbing body and the rubbed were not in the least influ- 
enced by a greater or less resistance of the wire conned- 
ing them. But it is very probable there is such an 
influence, though it may have escaped Gauss's and Pog- 
gendorffs observation. 

Compare a hydrogalvanic-eledronjotor with a fridion 
eledromotor. The galvanic current depends on chemical 
adion or work in the battery ; and it has to overcome the 
resistance in parts outside of the battery as well as that 
of the battery itself. Ohm's law says that the strength 
is diredly proportional to the eledromotive force of the 
battery, and inversely as the entire resistance of the cir- 
cuit. Hence, when the entire resistance is increased by 
increase of the resistance of the outer circuit, the strength 

* When the pump is working in a verv good vacuum, the fridtion of 
the falling mercury produces a very beautiful effe^ in the dark. 
Brilliant points of light flash about wherever the mercury-drops are 
•plasb^i nom side to side, and the pump is frequently illuninated 
with A pboipbofMGMit glow fiUlDff all the tubes. 



is diminished correspondingly; and at the same time 
the inte mal work of the battery diminishes in like pro- 
portion. 

In the fridion eledromotor, the current depends on the 
work expended in rotating the rubbed body. Of this 
work part is lost in shocks and shakings of the apparatus, 
or is changed into heat, and the rest is transformed into 
eledricity. This remainder represents the internal work 
of the eledromotor, and the strength of the current must 
be proportional to this internal work ; as, in the voltaic 
battery, the strength is proportional to the internal chemi- 
cal work. 

And similarly, too, there must be an internal resistance 
in the fridion eledromotor, and the current developed 
must overcome the whole resistance, consisting of the 
internal, and of that presented by the conduding sub- 
stance which conneds the substances rubbed together. 

Ohm's formula should, therefore, be found applicable 
also to these currents, if account be only taken of the in- 
ternal resistance in the eledromotor. And in the appli- 
cation we must always bear in mind that the eledromo- 
tive force and the internal resistance may and must vary 
with changes of the velocity of rotation and of the 
moisture of the air ; whereas, in the case of a given 
voltaic battery, these two values remain pretty constant. 

If Ohm's formula apply to fridion eledromotors, the 
following are consequences : — 

1. If we arrange two experiments, with equal velocity 
of rotation, and with a small external resistance in the 
one, a large in the other, the strength in the former case 
must be greater. If Gauss and Poggendorff found no 
such difference, this may only show that the resistances 
introduced were too small in comparison with the internal 
resistance. If a sufficiently great resistance be placed 
in the external circuit to be comparable with the inter- 
nal, we must have a diminution of strength in the 
current, and a change of work applied in its produc- 
tion (which portion of the work requires special measure- 
ment). 

2. If we repeat the experiment with different lengths 
of the external circuit, and wish to obtain an equal 
strength of current in both cases, it will be necessary 
to increase the velocity of rotation in the second case ; 
the eledromotive force must be increased in proportion 
as the resistance is increased, and this we can do by 
rotating more rapidly. 

3. If, instead of rotating the machine with the hand, 
we use machinery worked by a falling weight, it should 
be observed that, if the resistance of the exterior cir- 
cuit be successively increased, the strength of the cur- 
rent is gradually diminished, and the mechanism accom- 
modates itself to the new conditions of increased resist- 
ance; so that the velocity of rotation becomes smaller, 
and the space fallen through by the weight less, as also 
the dynamical worked expended; just as the strength of 
the current and the internal chemical work of a voltaic 
battery become less on increasing the resistance of the 
circuit. 

M. Rossetti made a great number of experiments by 
way of testing these theoretical results. It was of con- 
sequence (i) to measure the rotation accurately; (2) to 
determine the work consumed in unit of time, in putting 
the eledromotor in adion, after dedudion of that part of 
the work which served other ends ; (3) to measure the 
strength of the current produced by a given velocity of 
rotation ; (4) to ascertain exadly the resistance and elec- 
tromotive force which the eledromotor possessed when it 
produced a current of given strength with a. given velo- 
city of rotation. This requires, that one be able to intro- 
duce a resistance into the exterior circuit, which will be 
comparable with the internal resistance. Lastly, the 
moisture of the surrounding air must be determined, in 
order that experiments on different days might be com- 
pared with each other. 

The instruments used were — a Hols machine ; a rota- 
tion apparatus, moved by a falling weight ; » counter for 
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the number of rotations : a galvanometer ; a rheostat, of 
tubes containing distilled water ; a hair hygrometer ; and 
a chronometer. With regard to the manner of the experi- 
ments, we will only observe that the measurement of the 
work expended in production of eledlricity was done by 
first determining, with the falling weight, the work re- 
quired to produce a given rotation when the machine was 
not charged (and, therefore, no ekdlricity developed) ; 
then determining the greater work necessary to produce 
the same velocity of rotation, when the machine was 
charged and eledlricity developed ; the difference was the 
quantity desired. For additional details we must refer to 
the original memoir. M. Rossetti gives the following as 
his results : — 

1. In the same series of experiments (with the same 
degree of moisture), the strength of the current produced 
by the eledromotor is nearly, but not quite, proportional 
to the velocity of the disc. » 

2. The proportion between velocity of the disc and 
strength of the current varies considerably with the moisture 
of the air, increasing with its increase ; i.e.t the num- 
ber of turns which the disc must make each second, so as 
to produce a current of given strength, is greater on 
damp days than on dry. 

3. The adlual work (which serves to put the eledromo- 
tor in adion). expended in each unit of time is exadlly 
proportional to the strength of the current, provided the 
experiments are made in air with the same degree of 
moisture. 

4. The proportion between the expended work and the 
strength of the current decreases with increasing moisture; 
so that, to obtain a current of given strength on a damp 
day, a greater velocity of rotation indeed is required, but, 
on the other hand, less work is expended. The ele<5tro- 
motor is thus more economical on damp days than on 
dr>'. 

5. Using the rotation apparatus, if we denote as total 
motive weight the weight which imparts a given velocity 
when the cledromotor is charged, — partial motive weight, 
that necessary to give the same velocity when eledlro- 
motor is uncharged — and effedive motive weight the 
difference between these two ; then, in the same series of 
experiments, the effedive motive weight continues nearly 
constant, whatever the amount of the total motive 
weight. 

6. The effedive motive weight varies with variation of 
the amount of moisture in the neighbourhood; it is 
greater on dry days, less on damp days. 

7. The distance between the two discs, and that between 
the armature and the movable disc have also an influence 
on the cffed of the eledromotor. If the distance in- 
creases, the strength of the current decreases, and also 
the dynamical work expended in its development. 

8. The Holz eledromotor behaves similarly to the vol- 
taic battery ; like this, it has a determinate eledromotive 
force and an internal resistance ; both of which are con- 
slant so long as the velocity of rotation and the degree 
of moisture of the air are unchanged, but with change of 
one or other of the latter, one or other of the former is 
also changed. 

g. The eledromotive force of the Holz machine remains 
constant whatever the velocity of rotation, provided that 
the state of moisture remains constant. 

10. The eledromotive force alters with variation of the 
state of moisture in such a way, that with increasing 
moisture it decreases. 

11. The internal resistance of the eledromotor remains 
constant, with the same velocity of rotation, whatever the 
state of moisture. 

12. It varies with change of the velocity in such a way, 
that with increasing velocity it decreases, and the values 
f'f this resistance decrease in faster ratio than the increase 
of the velocity. 

13. The effedive motive weights may be considered as 
diredly proportional to the eledromotive forces. 

X4. In the Holz eledromotors, the eledromotive forces 



I corresponding to the different degrees of moisture 
are very great in comparison with the eledromo- 
tive forces of the more energetic voltaic batteries. 
With the relative degree of moisture 0*69 we have the 
eledromotive force £ = 433000 Siemens x Weber units, 
and with the relative moisture 0*35 £ = 599000 ; whereas 
for the Daniell battery, E = 11*57, ^^^ ^^r the Grove, E = 
19-98. The greatest eledromotive force of the Holz 
machine is thus 51,860 times greater than that of the 
Daniell battery, and 30,030 times greater than that of the 
Grove. 

• 

15. The internal resistances of the Holz eledromotors, 
corresponding to different velocities, are enormously large. 
The smallest internal resistance, which corresponds t9 
the velocity of 8 rotations in the second, is equal to 570 
million Siemens units, while the velocity of 2 rotations per 
second corresponds to a resistance of 2180 million Siemens 
units. 

16. The currents of eledric machines obey Ohm's law, 
like the currents produced by other eledromotors. When, 
therefore, resistances are inserted in the external circuit, 
which are not to be negleded in comparison with the 
enormous internal resistance of the eledromotor, there 
must occur a decrease of strength in the current, in ac- 
cordance with Ohm's law. (This decrease was rendered 
very evident, by using the rheostat with distilled water.) 

17.' When the disc is driven by a rotation apparatus 
aduated by a falling weight, it is observed that, with suc- 
cessive increase of the external resistance, the strength 
of the current progressively diminishes, and the mechanism 
accommodates itself to the altered conditions of increased 
resistance ; so that the velocity of rotation diminishes, 
and therewith is diminished the extent of fall of the 
weight, and the dynamic work expended becomes gradu- 
ally smaller, just as in the voltaic battery. 

18. If the adual work expended in unit time in each 
experiment be divided by the total heat which the current 
produced by it would be capable of producing at the 
same time (reckoning this heat according to Joule's for- 
mula), a nearly constant number is obtained ; the mean 
of 17 experiments gave the number 428, almost identical 
with 425, the number generally received as expressing the 
mechanical equivalent of heat. 



THE DISTRIBUTION OF MAGNETISM IN A 
THIN PLATE OF GREAT LENGTH. 

By JULES JAMIN. 
(Concluded from page iC). 

When we measure, by trial of contad, the wreslintr force 
of any point, we measure a complex efT<:d ; for this 
** contad" attrads not only by the magnetism which is 
upon the point covered, but also by a portion of that 
which is spread over the neighbouring points ; and this 
adion extends further in proportion as the magnetic con- 
dudibility of the steel is greater. The measured inten- 
sity^*, then is equal to the intensity j found foracondud- 
ibility equal to the unit multiplied by a fundion of k. 

;•! = )'/(*). 

This fundion will be determined by-and-bye. Now since 
the condudibility of the same piece of steel increases 
with the annealing process to which it has been sub- 
jeded, the values of y should augment. 

As ki expresses the relation of two intensities yi ob- 
served at points on the same steel separated by the unit 
distance, it is independent of/ {k) and measures the re- 
lation of the true intensities y. Such is not the case 
with the intensity Aj. That is equal to A/ (k) if we 
designate by A the true ordinate, and it may be that the 
increment of Ai, under the adion of the anneal, proceeds 
wholly from the increase of condudibility. To settle the 
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question it is necessary to employ a measuring method 
independent of this cause of variation. 

I chose that method proposed b^ Van Rees in 1849. 
It consists in inserting the magnet into a very short coil 
of conducing wires united to a galvanometer ; to rapidly 
move the coil from x to x'y and measure the defledtion 
produced by the induction current. According to Fara- 
day and Lenz, this defledlion depends simply on the lines 
of magnetic force intersedled by the coil, and which are 
bounded by x and x' ; it is thus proportional to the quan- 
tity of magnetism comprised between x and x\ and is in- 
dependent of the form of the coil provided the latter be 
sufficiently tight against the steel. M. Gaugain '^ 
adopted this plan without modification. Recently M. 
Blondlot rigorously proved that Van Rees method is 
only exad for a single case ; that in which the magnet 
is very long and the coil is rapidly transferred first from 
the middle line to its extremity, and thence to an infinite 
distance. In this case the defledUon measures M the 
whole of the magnetisation. These values, M, are given 
in the third column of the table.* 

On the other hand, let us call A the true value of the or- 
dinate at the commencement ; we shall obtain a second 
valuation of the total magnetism by integrating the 
expression y d x from zero to infinity; and, as this valu- 
ation will not be related to the same unit as the preceding 
one, we will express it by the product of M with a con- 
stant a 



Ma 
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^ A 

Ak-x dx =-^ 

o l,k 



whence 



^ = M /. h 
a 



The values of M log ^ are shown in the fourth column of 
the table, and are very sensibly constant. Hence it 
follows that the true value A of the ordinate at the com- 
mencement is constant for the same steel, whatever may 
be its degree of temper. The coefficient Ai, which had 
been found by the proof-plane method, is a fundion of 
the condudibility, and its increase by annealing proceeds 
only from increased condudlibility. 
We must now find the relation of Ax to A or / {k), I 

A 



saidthati^x should be equal to ^- Indeed, \ expresses 



the coefficient of conduAibility in a lineal magnet, and ^ 

will represent the superficial coefficient in all the direc- 
tions around a point on the plane of a magnet ; the 
observed intensity Aj will be proportional to this coefficient 

and consequently equal to ^ Whence A = Ax it*. We 

iC m 

have already found this quantity to be constant, and we 
now see that it expresses the true ordinate at the extrem- 
ity of the bar. Whence it follows that the expression 
for the true ordinate y at any point whatsoever will be 

y == Aik* k-x = A k-x 

that of the observed ordinate being 

yi = Ai k-x = A *-(-*+2) 

To classify the steels in a magnetic point of view it will 
then be necessary to transform them into long plates with 
a thickness of one millimetre. Let Ax and k be measured. 
Ax ^* will be the true ordinate; it will represent the 
magnetic power of the steel ; it will depend simply on the 
chemical composition of the steel; and it cannot be 
changed, neither by the process of annealing nor bv 
temper. 

The second constant k is at the disposition of the con- 
strudor; it aug.7:?nt8 by temper, and diminishes by the 
process of anne aling. 

* See Elbctmcal Nbws, Ho. 2, p. z6. 



The attradive force exercised at the extremity of the 

bar is proportional to>'x' whence ( r-, ) * ^^^ ^^^ s**^* 

steel this force increases with the anneal, and diminishes 
with the temper. 

The height of the true magnetic curve at the extremity 
of the bar is invariable and equal to A ; but the measured 

height by ** trial of contaft " is -A_ and increases with 

process of annealing. 

In proportion as k decreases by anneal the magnetic 
curve lengthens. The steel used should therefore be 
longer the more it is annealed ; otherwise it cannot con- 
tain the whole of the magnetism it is capable of. Such 
was the case with No. 12 in the table. 

The quantity of total magnetism P- increases with the 

l,k 

anneal ; the quantity measured by ** trial of contad '* in- 
creases more rapidly still and is ——— 

The conclusions to be learnt from these experiments 
and reasonings are that to mak$ magnets which shall 
exercise great contact- actions we must use annealed 
steels of very great lengths ,• but if we desire distant- 
actions, we must use short and strongly tempered steels* 



RAILWAY SIGNALS. 
By J. DUTTON STEELE, C.E. 



The Committee on Railway Signals,* appointed at the 
Sixth Annual Convention of the American Society of 
Civil Engineers, to enquire into the various systems of 
signals in use upon the several railways of the United 
States, and to report at the next Annual Convention, 
with such recommendations as may seem important, 
report as follows : — 

In treating the several kinds of signals as they are io 
use upon the roads in this country and in Europe, the 
Committee may find occasion to refer to several specific 
devices which have been brought to its notice ; and in 
describing the American pradlice as we find it, it is 
not proposed to burden this report with the mass of 
detail which has been kindly furnished in response to the 
circulars, and which was necessary to an understanding 
of the subject, but to seled a few of the most important 
roads covering the several systems, more with a view of 
showing the variety of pradice than the merits pf the 
cases described ; in treating the audible signals not more 
than three notes, signifying '* stop," ** start" and " go 
back," shall be considered, as they are all that are impor- 
tant in governing train movements. 

American Practice. — Philadelphia and Reading Rail- 
road. — This is a double-track coal-bearing road, 100 miles 
long, over which 100 trains are passed daily — chiefly 
heavy coal and freight trains one-fourth of a mile in 
length, intermixed with fast passenger trains. It is not 
blocked, in the full sense of the term, except at tunnels 
and where single tracks are occasionally used, but there 
are frequent block stations at curves and at dangerous 
points, called ** signal-towers," from 30 to 50 feet high. 

On the tops of these towers are two vanes, each with 
three faces — red, white, and blue, signifying danger, 
safety, and caution — which are lighted at night by 
** Luberg lanterns," consisting of sheet-iron cylinders in 
the argles and centre of the vanes, into which the lamps 
ar^ raised by pullies after they have been lighted in the 
room below. These vanes are separated by a black board, 
against which the lights and colours are clearly seen, and 
this division permits the two vanes to be used to dired 
the movement of trains in opposite diredions at the same 

* The Committee consisted of J. Dattoo Steelti OtefO Chsattei 
find Ch|irle| Friber 
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time. They are turned by simple levers, working upon 
round tables in the watchman's room, upon which are 
painted colours corresponding with the colours of the 
vanes and lights, so that the lever being locked upon any 
given colour on the table, the same colour upon the vane 
is known to be facing the approaching train. At some 
dangerous points, these signal-towers are in sight of each 
other, and at the tunnels they are connedted by telegraph 
wires, and no train is allowed to enter either end whilst 
another is in the tunnel moving in the same diredion. 
The tunnels are, therefore, blocked in the full sense of 
that term. At the grade crossings the towers are set in 
the angle of intersection of the two roads, and have one 
vane with four faces and two colours, arranged thus — 

w\ 

80 that with every turn of the vane, one road is blocked 
when the other is open, and neither road can be opened 
without at the same time the other being blocked. When 
the approaches are obscure, both at the tunnels and cross- 
ings, repeating stations are placed at suitable dis- 
tances. 

At the crossing of the Philadelphia and Trenton Rail- 
road there is a modification of this appliance^ which is 
thus described by Mr. Ashbel Welsh : — 

" A hollow cylinder, so elevated as to be seen by all 
concerned, has four openings, one each way for each road. 
Through these a revolving cylinder is seen, with a light 
in it by night, in which two opposite spots are white, all 
the rest red. When white is seen through the openings 
toward one road, allowing the trains to proceed, red will 
be shown through the others, and while it is being shifted, 
or when no train is approaching, red will be seen through 
all. No train is to proceed until the white is shown." 

Semaphores are used as station signals, but only in a 
very subordinate way, and the switches are without sig- 
nals except of the most primitive character, which can 
only be accounted for by the extensive and constantly 
flowing business which enables an unusual amount of police 
attention with hand signals to be given to points where 
danger would arise from their misplacement. 

Targets, with red and white discs, are used by the 
repairs-men ; they are attached to pointed iron rods, which 
are fixed in the ground at stated distances from the 
obstrudlions, so that the red stops the' movement of 
trains on one track whilst the white allows them to pro- 
ceed on the other. 

Audible signals by whistle are — one note, stop ; two. 
start ; three, go back ; and the gong signals correspond. 
Torpedoes are used as fog and danger or obstrudion sig- 
nals. 

Colour signals are — red, stop ; white, proceed ; blue, 
caution. 

Hand signals are — horizontal motion, stop ; vertical, 
proceed; circular, go back. 

Philadelphia^ Wilmington^ and Baltimore Railroad, — 
There is an unusual variety of signals upon this road. 

The audible signals are also variable; trains at rest 
^eing governed by one set of notes, when in motion by 
another, and the bell and whistle signals do not corres- 
pond ; torpedoes, hand and standard fuses, are used as 
danger signals. 

New York Central and Hudson River Railroad. — This 
line has not an elaborate system, being worked largely by 
hand-signals. Semaphores are used to direct the move- 
ment of trains over the several entrances into New York, 
and the same— at drawbridges. All signals are kept 
standing at danger, and are only changed to safety when 
the way is clear. Audible signals, by whistle and gong, 
are— one, stop ; two, start ; three, go back ; but they do 
not correspond on the Hudson River and New York Cen- 
tral portions of the line. Colours generall \ have their 
vmutr significancci but in some cases red balls and lights 



give the road to trains passing west, and white to those 
passing east. 

Boston and Providence Railroad, — This road is worked 
by ball signals, but they are not uniform in their significa- 
cation. Black balls and red lights, red balls and red 
lights, white balls and white lights, and black balls with 
white belts and red lights have the same meaning at dif- 
ferent stations upon the road. The crossing of the Bos- 
ton and Albany Railroad is worked by Mr. George F. 
Folsome's " Improved Signal Device," which consists of 
a box- shaped lantern provided with blinds that are opened 
to display the lights ; an ingenious contrivance is added, 
by which the same lever motion which opens one set of 
blinds locks the other. 

Eastern Railroad of Massachusetts and Maine Central 
Railroad, — This line is worked by the same ball system 
as the Boston and Providence, and has the same want of 
uniformity ; the memory of the engineer is taxed with a 
separate set of rules for each tunnel, bridge, crossing, and 
station. The audible signals are — one, stop ; two, start ; 
three, go back ; with torpedoes as danger signals. The 
eledlric system of Mr. Thomas S. Hall is being intro- 
troduced upon those roads ; we may add that, on the 
approaches to Boston, the full block system would seem 
to be desirable; and the same may be said as to the 
railway approaches to New York and other large 
cities. 

On our Eastern roads generally the audible signals are 
— one, stop; two, start; three, go back; but the gong 
notes do not always correspond with the whistle. The 
motion signals are — horizontal, stop ; vertical, start ; cir- 
cular, go back ; and the colours — red, stop ; blue, caution; 
and white, proceed ; but there are frequent variations 
which do not seem to be predicated upon any sufficient 
cause. 

Detroit and Milwaukee Railroad. — This road is worked 
by semaphores as block and station signals and at cross- 
ings and bridges. Targets are used at switches, and red and 
green flags. A special feature of the system is that the draw- 
bridges are kept open except when the trains are passing, 
and of course the signals are at danger ; this probably results 
from some requirement of the navigation ; the system is 
simple and effedive. The audible signals are — one, stop; 
two, start ; three, go back ; red, white and green being 
the colors, with the usual significance. 

Lake Shore and Michigan Southern Railroad, — The 
movements of trains into the principal stations of this 
road are diredled by semaphores ; the horizontal, vertical, 
or oblique position of the arms indicate the diredion in 
which the trains must move, and semaphores guard the 
crossings. 

Roads worked by the Pennsylvania Company have the 
same general system which has been described on the 
Western roads ; double semaphores are used at the cross- 
ings and drawbridges, the position of the arms indicating 
the state of the tracks, the audible and colour signals 
having the usual significance. 

Hand and audible signals prevail upon our Western 
roads, the sparse settlement of the country making fixed 
signals less necessary, possibly less reliable, and more 
costly in proportion to the traffic than here in the East. 
It is, however, there that uniformity in the system is of 
the greatest importance, owing to the migratory charader 
of the train-men and the close business connection of the 
roads, but such is not found to exist at present in pradice. 
Mr. John M. Goodwin, in an article upon railway signals 
in the Railroad Gazette^ thus describes this variation : — 
*' On one road a lamp, moved up and down, is the signal 
to stop, on a connecting road the same signal means go back ; 
on one a single note of the whistle means go ahead, on 
the other go back ; on one road re^ is the standard signal 
for danger, and yet, at three several points on the same 
road, that colour means that the road is clear for trains 
from a certain division, clear for trains of a certain class, 
and clear for trains moving in a certain diredion.** 

This, howevcri is aa extreme case, but there is an ttn<i 
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necessary want of uniformity and although hand and 
audible si^^nals are larsjely depended upon, semaphores 
(frequently called targets) are coming into extensive use. 

Eric- Raihvay. — The colour, hand, train and audible sig- 
nals upon this road are substantially as usual on the 
Eastern roads. At the crossings, intersecflions, and 
bridges, ball signals are used, inside of which are lights at 
night. The general principle upon which they are worked is, 
that the exhibition of red balls stops all trains upon the main 
road, their absence, or the exhibition of white balls, per- 
mits the trains to proceed ; but special diredions are 
given for each point of danger. At Bergen tunnel there 
are targets at either end conneded by a telegraph wire ; 
but the tunnel is not absolutely blocked if we are to judge 
from tlie following clause in the '• Instructions for Run- 
ning Trains.'' — ''In case the signal back to signify that 
the train has got through the tunnel is not received within 
fifteen minutes after the train has gone in, any following 
train may proceed, running with great care and looking 
out for sign^Us ; but a second train shall not be permitted 
to enter the tunnel until two signals are received to signify 
that both trains have gone through, and that the tunnel 
is clear." The great pressure of business through this 
tunnel is probably the reason for the latitude given, but 
the economy of titne is doubtful whilst the risks are 
certain. 

Pennsylvania Railroad. — The reports from this road are 
not full, but the good English switch signal, as well as the 
semaphores for block and crossing signal-s, with some im- 
'provcments for repeating distant signals, are in use. 

The notice of American railway signals would be in- 
complete without a reference to Hall's system of " Auto- 
matic Elcdric Railway Signals," which is now being 
introduced upon several Eastern roads and is claiming 
public attention. In principle it is the same as has been 
largely experimented upon in Europe. Vanes aie moved 
and gongs are sounded by making or breaking the con- 
neclions of an electric current. The pradical objedions 
made to the system by English writers are : first — the 
liability to derangement of tlie delicate mechanism 
employed, by tl:c jar of passing trains ; second — the 
chan;!;es in the strc^ngth of the eiedric curfent from con- 
tinued use and from atmospheric iiiihiences ; and third — 
that lightning will sometimes take possession of the wires 
and give wrong signals. It is not necessary to compare 
the mechanism of the English and American devices, 
further than to say that Mr. Hall claims to have overcome 
many of the objections by his mechanical arrangements 
which are now before the public and piust establish their 
ov/n reputation. 

English ruAcricn. — A paper of Mr. Rapier, read before 
the Institution of Civil Engineers, contains a detailed 
lii'jtorical account of railway signalling in England from 
the time wlien a tallow candle in a cottage window indi- 
cated that the train must stop for passengers, through the 
periods when the roads were worked by hand and train 
signals, as is the pradice in our sparsely settled distrids, 
to the primitive bloc!; system as in use on the Philadelphia 
and Reading Railroad, and up to the full block system 
recommended in Mr. Welch's report. We, therefore, arc 
passing over tl;e same ways of experience as were 
travelled by our European neighbours, and as an in- 
crease of trafllc presses its necessities upon us, we 
must reach t!ie same general results. It may, there- 
fore, be interesting to take a cursory view of this 
anleiior pradice, and of the discussions as to its merits 
among those wJio have had the advantage of personally 
observing its workings. We quote from Mr. Rapier's 
paper : — 

"The demand for increased signalling facilities is not 
confined to this country, but has arisen in other European 
countries." 

" Against errors on the part of those in charge of trains, 
the only safeguard is to be found in the complete block 
system, and of means to enable the drivers to observe 
8igQ«Us well io advAQce.'' 



" Under the absolute block system the signalman at 
station A is not permitted to send a second train to sta- 
tion B until he has received a signal from B that the first 
train has arrived there." 

'* Under the permissive block system it is simply per- 
mitted to signalman B to block signalman A^ in the 
event of anything occurring which may render such a 
course desirable." 

** The permissive block system has been well tried on 
I the principal railways, and is preferred by some because 
it enables trains to be sent one after another with greater 
rapidity, but it affords very little protedion, and it is now 
generally agreed that intermediate stations must be ereded 
on the lines of constant traffic." 

*• When the distance is so great betvs'een any two sta- 
tions as to cause the line to be blocked for too long a 
time, the best plaii is to interpose one or more intermedi- 
ate stations. The distance apart of signal stations 
seldom exceeds four miles, and it is often only a quarter 
of a mile, the average being one and a half miles." 

'* The Metropolitan Railway between King's Cross and 
Moorgate Street is laid with four lines of rails • • • 
and the number of trains passed over them is 768 dailyi 
or one in every i J mi., .les nearly." 

*' On the Great Eastern Railway 220 trains per day pass 
over the same metals." 

*' Mr. Finley, manager of the London and North 
Western Railway, stated that the block system had been 
adopted on about 800 miles of the 1630 miles of opened 
line belonging to that company, and that it was to be ex- 
tended to the whole of the* main line." 

** Mr. Spagnoletti remarked that the marvellous increase 
of railway traffic in the past ten years was proof of how 
much had been gained by mechanical and eledric assist- 
ance ; had not these appliances been used, the only 
alternative would have been to double the railways." 

The English pradice is rapidly settling down to the 
abandonment of much of the variety which has heretofore 
existed in signals upon the several roads, and to the use 
of semaphores for block and station signals, and to targets 
(sometimes called discs) for switch signals. As points of 
detail, it is urged that there should be in that country- 
identity of type of signals for trains on their journey ; for 
trains at stations, and of those meaning stop and go on, 
also identity in the relative position of signals for high 
and low speed lines. 






(To be continued.) 



NOTES. 



The duties of telegraph clerks in Australia would seem 
to be as stridly apportioned as in England, and mistakes 
are as rigorously punished. From a printed copy of the 
** Rules and Regulations for the Guidance of Railway 
Clerks in South Australia," we find that a fine of ;f 100 
is infiided for divulging a message, or, in default, im- 
prisonment with hard labour for any period not exceeding 
six months. The rules apparently leave nothing 
unnoticed from the hours of attendance to the important 
duties of signalling trains. The clerk is provided with 
the calls of loi stations, instrudrons for charging the 
main and local batteries, the future signals to be used in 
intcr-office communications relating to the general 
business and working of the line, and he is also provided 
with all the abbreviations. 

We have received the programme of the Royal Rhenish 
Westphalian Polytechnic School at Aachen for the coarse 
1875-76. We are glad to find that the study of eledri- 
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city, and of its application to telegraphy, are not over- 
looked. There is a course of experimental physics under 
the condud of Prof. Wullner, occupying four hours 
weekly. The whole territory of physics is demonstrated 
experimentally in as complete detail as time allows. 

Magnetism ; terrestrial magnetism ; fridtional eledlricity ; 
the behaviour of eledtricity in the state of insulation ; 
induction ; eledrical machines ; discharge, and its effedts ; 
origin and laws of formation of the galvanic current; 
determination of the resistance of conduction, and of the 
ele^lro-motive force ; thermo-eledric currents ; thermic 
and photogenic adtion of the current ; eledlro-chemistry » 
magneto and eledlro-dynamic adion ; diamagnetism ; 
ele^ro and magneto indudion, and the effedls of induction 
currents; are all duly considered, Dr. Wiillner's admirable 
** System der Physik '* being followed as a text-book. 
The same Professor conducts also a course — three hours 
weekly — on the -mathematical bases of physics, including 
the mathematical theory of galvanic currents, of eledro- 
dynamics, eledro-magnetism,and of indu(flion. As soon as 
the summer session begins Dr. Winkelmann gives a 
course of two hours weekly on the physical foundations 
of eledlro-telegraphy, going through in succession, Voha's 
fundamental experiments ; measurements of conta(5t elec- 
tricity with the ele(5lrometer and condenser ; the galvanic 
current, batteries old and recent ; relations of the current 
determined by Ohm's law; measurement of the strength 
of the current by its chemical and galvanometric effeds ; 
relations and measurements of the conducive resistance 
measurements of elecflro-motive forces • polarisation ; 
theories of eledro-motive force and of conducive resist- 
ance ; relations of the formation of currents ; charges of 
the condensers ; resistance of insulating layers ; law of 
the amounts of charge in cables; duration of charge; 
general speed of the propagation of eledric conditions ; 
foundations of ele(5tro-magnetism ; mac^netising force ; 
laws of free magnetism and attraction ; saturation ; 
foundations of indudkion ; Voltaic indudlion ; extra cur- 
rents ; magnetic induAion ; retardations of eledro-rnag- 
netism ; utilisation of indudlion in telegraphy; indudiion 
apparatus ; eledlric behaviour of the earth ; condudlion 
by the earth ; influence of atmospheric cledlricity upon 
telegraphy ; aurora borealis, and its currents. Herr 
Wark, Inspedlor of Telegraphs, gives a weekly course 
of two hours during the winter session in pradlical 
telegraphy. Full instrudlions are given on every point 
connected with laying down telegraphic lines by land 
and sea; on the various instruments, their use and 
advantages ; and the students are pradtically exercised 
by means of lines and apparatus established for the 
purpose. It is interesting to note that the highest possible 
charge for the whole course, Odt. 11 to July 31, in case 
of a student who attends the maximum of hours in the 
various class-rooms and laboratories, is iSo marks, or 
about £g. Cheapness is not attained here by inferior 
quality, since the professors are men of distinguished 
merit, and all the appliances for study, library, apparatus, 
museums, models, &c., arc excellent, lias England 
nothing to learn from this ? 

A conetpondeqt writ^ to the Times respecting the 



method of enabling ships to speak to each other in a og 
or at night by adapting either the Morse or Colomb com- 
bination to short and long sounds on the steam-whistle 
or fog-horn by which any of the numbers in the signal- 
book could be given. The combination alluded to con- 
sists of short and long flashes of eledtricity in the Morse 
and of light in the Colomb system, by which in the latter 
any numeral up to ten is given. The writer wisely 
diredts attention to the fadt that during the day all well- 
found ships are enabled to speak to each other, and con- 
stantly employ one or other of the flag codes for reporting 
their names, corredting each other's longitude, &c. ; but 
when night or a fog falls on them the mercantile marine 
are little in advance of the days of Noah, while vessels of 
the Royal Navy, by using Captain Colomb's flashing 
lights, continue to speak to each other by night as easily 
as by day, and require only to adapt his numerals to 
their fog-whistles to make them independent, as to sig- 
nalling, of all weathers. 

It has been decided that the next International Tele- 
graph Conference shall meet in London in^iSyS. 

Although the adtual laying of the cable of the Diredt 
United States Cable Company was completed some time 
since, it has not yet been opened to the public for the 
transmission of messages. The delay is occasioned by a 
fault in the cable. The Faraday having gone out on a 
repairing mission, the difficulty will very speedily be 
remedied. 
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Machines Magneto-Elcclriqnes Gramme, By Alfred 
Niaudet-Breguet. With seven fi;i;ures and two 
plates. Paris: Hippolyte Fontaine, 1875. Pp.37. 

This pamphlet explains in a very readable form the prin- 
ciple of Gramme's Magneto-Eledric Machine. It also 
contains detailed information regarding its pradtical ap- 
plications, and woodcuts are given showing the form of 
machine used for eiedtrotyping, the produdtion of the 
eledtric li^ht, &c. 

Previous to the great improvements efTedted by M. 
Gramme, magneto-eledlric machines furnished currents 
of rapid reversals, or were continuous only by means of 
complicated armatures and high speed. Hence until M. 
Gramme applied his system, whereby continuous currents 
were produced, magneto-eledtric machines were not 
used extensively for industrial purposes. Now, 
however, they are largely used for lighting and 
eledtroplating ; and we believe that, as their splendid 
qualiti^is become better known, they will be applied to 
other branches of the manufadturing arts. 

The manner in which continuous currents are obtained 
by M. Gramme, and by which the principle of a magnet 
inducing a current is utilised, is well known to many of our 
readers ; but there are others to whom M. Breguet's clear 
description will be instrudlive. 

Take a magnetised bar, a b (Fig. i), and an insulated 
copper spiral, s s. If the spiral from its position x ap- 
proach the bar, a b, an indudtion current will be set up in 
it ; and it will be found that the diredtion of the current 
for every series of movements from x past A on to m (the 
middle of the bar, or technically speaking, its neutral 
line) will be in the same diredtion. The diredtion, how- 
ever, will immediately change if the spiral be passed further 
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along the \as, from u to b. Thus during its eolite pat- 
sage hIodz the magnet, two distin^ periods are obseiv- 
able ; in the one half of the bar the 

J3 that generated in the other half. Should the 



magnet just referred to. As shown in the ensraTing, a 
sefiion of the ring is cut aw», and the drawing olhei- 

iged, to show its dilfcrcnt parts. 

smalt portion the ring is repreiented eotire; ia 




apiral be moved from B to a, (he opposite efTefls are the 
Ksult. Now add to the end of the first magnet, a b, 
another (precisely aimilar), which call b' a', ae repre- 
■enied in the woodcut ', and let the poles of the same 
name he conjoint. The consequence o( now moving the 
Fio. a. 




•piral along the complete double tnagnet will be a currt 
which call positivt, from A to M ; (hen a ntgalivc one fi 
H to B ; again a negative current from B' to u' ; a 
laatly, a poiitivt current fiom m' to a'. Thus at the i 



another the coils are depided in conples ; ftirtlier on, 
singly ; and lastly, (he ring itaelF, composed of a bltndle 
of soft iron rods is left bare. This soft iron ring tuns 
Is centre between the polea of a permaDCnt or ao 
ele<!lro-magnet ; and A and b, as in Fig. 3, are ill 
north and south poles, whilst u and n' constitote the 
neutral points. During the motion of the ring in its 
revolution, this distribution does not change ; that it, the 
poles are always at a and b, whatever portion of the ring 
arrives at those spots. In other word«, during the entire 
revolution oF the ring all its parts have in turn aianmed 
north and south poles and their intermediate atatet, ioda- 
cing in those several coils embracing the ring ■ series of 
instantaneous induced currents. These currents are all 

Positive in one half of the ring, but negative in the other 
alf ; and if the discharges from the coils can be carried 
off aa produced, the result is a continuoua current. 

The figure shows how these discharges are carried 

away, a, a, represent radiating metal stems insulaied 

from one another, one between every two coils, and fta- 

jefling beyond the ring in the form of an axle. The 

other end of these pieces are attached to the ingrea cad 

of one coil and the cgrtu end of the nem : all the coili 

arc thus in ctedlrical union with each other, and by 1 

suitable arrrangemcnt of friflion colteflora, at the an. 

tral points, rubbing against two or three of the radiatin; 

in, I metal pieces, the current as fast as generated in either 

vo 1 half of the ling is carried away to line : the a^>er cnr- 

F:o. 3 




nentra points m and h the current changes its diieflion I rent by ore rubber the lower cunent by the oftet 
llius much for the principle now for the application of rubber 

it. The chief'inairameni by which this la effefied is the 1 At Grst it would seem that IhQ TeaicUnce of sfch 
"ring [Fig. a aiid it fulfils the ofGce of the apiral and I macbinB sbonld be coaiUnt , bat it u aMtbbecaaMlb 
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strength of the current is not proportional to the speed 
of an invariable circuit. The difference, is, however, so 
trifling that for pradical purposes it is accounted abso- 
lutely constant. Being praAically constant, it thus pos- 
sesses an enormous advantage over the ordinary voltaic 
battery so long as the velocity of rotation is uniform. 
The voltaic battery is complicated, since it is composed of 
at least six portions, viz. — porous cell, outer jar, two 
plates, and a compound liquid. The natural result is 
therefore that voltaic batteries often fail from internal 
derangements ; whereas with the Gramme magneto-elec- 
tric machine it is almost impossible for an interruption in 
the current to occur, the parts all being solid and simple 
in construct ion. 

The machines made for lighthouse purposes, and 
requiring strong currents, are constru^ed with eledtro- 
magnets, instead of permanent magnets, and they can 
work at a very high speed (935 turns a minute, according 
to M. Breguet), without getting heated or emitting sparks. 
From this we conclude that all the mechanical force 
transmitted to the machine is converted into eledricity, 
since none is changed into heat. A remarkable property 
of this machine is that, if set in motion by a force just suffi- 
cient to turn it with a definite velocity when the exterior cur- 
rent is flowing, and if the outer circuit is suddenly broken, 
the machine is seen to acquire an increasing velocity, 
showing that the mechanical force applied to it, being no 
longer able to go off as electricity spends itself then in 
augmenting the velocity of this machine. 

By means of the reciprocity which this has in common 
with other magneto-eledric instruments, M. Gramme 
looks forward to its being adopted in places where the 
forces of nature are not utilised. He says : *' Since a 
current is generated in the machine from mechanical 
force, a current will reproduce mechanical force ; so two 
machines being at a distance, the turning of one will 
set in motion the other." Such being the case, what 
difficulty exists, M. Gramme asks, to make some of the 
powerful waterfalls turn his machines, and indiredly turn 
duplicates a mile or two away in the nearest town, in fac- 
tories where expensive steam appliances are now required. 
Or what, he asks, is to prevent the establishment of fac- 
tories in places where machinery is not used because of 
the expense attending steam power, but which could be 
profitably worked by his machines from spots where 
immense natural mechanical force is now wasted. Enter- 
prising speculators will, perhaps, endeavour to carry out 
the suggestion when the great advantages of this class of 
machines are more widely understood and appreciated. 
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Compiis Rtndus Hebdomcdains des Seances de VAcademie 
des Sciences, Vol. Ixxxi., No. i, July 5, 1875. 

The Distribution of Magnetism in Bundles of 
Infinite Length, composed of very Thin Plates. — By 
J. Jamin. — A continuation of the article which appears 
on pages 16 and 27. 

Second Note on Tubular Eledtro-Magnets of 
Multiple Cores. — By the Count Th. du Moncel. — In- 
cluded in the paper in our first number. 

The Processes of Magnetisation. — By J. M. 
Gaugain. — On the igth April, 1875, he indicated the dis- 
tribution of the magnetism which is established in a bar 
of steel when its middle point is in contact with the pole 
of a magnet. This distribution depends on the angle 
which the magnet and bar make ; and, when the curves 
pf demagnetisatioD, whic^ contspond to the irarious in- 



clinations of the magnet are compared, we get a general 
conclusion that the angle being made to vary from o to 
180°, the magnetisation increases with its magnitude. 
This fadt may be direAly verified by tracing the series of 
the demagnetisation curves corresponding to the different 
angles; it suffices to cause the magnet to revolve around 
the point of contadt, and to ascertain the direction of the 
indudion currents, developed during the movement, in a 
small helix placed successively on the different points of 
either of the halves of the bar. This law, however, is 
not true when the angle exceeds go° : the magnetisation, 
instead of increasing, then decreases. It does not 
recommence to increase until a certain limit has been 
cleared — a limit which, under the conditions of M. Gau- 
gain^s experiments, is near upon I20^ This apparent 
anomaly is supposed to be simply due to the contad not 
being at all times the same ; for a cylindric bar and a mag- 
net of rectangular section are in contaft only upon a. 
single point until 90° is reached, when the contad extends 
to the whole thickness -of the magnet. Another and 
more important irregularity is shown at the commence- 
ment of the rotation, when the magnet is removed from 
o** to 30** or 40** : the magnetisation of the parts of the 
bar, bordering upon the point of contad, goes on aug- 
menting conformably to the general rule ; but that of the 
parts situated at a greater distance diminishes. This at 
first surprised the author, who supposed the magnetisa^ 
tion of the bar resulted exclusively from its conta!5t wi'n 
the magnet, and that it was transmitted to its success ve 
sections by degrees. By that hypothesis, it could not be 
understood how the sedions remote from the point of 
contadt could acquire magnetism, whilst those m »re 
near this point lost it; but the observed fad explains 
itself very naturally on admitting that the magnet exer- 
cises at a distance a lateral adion that diminishes i n 
strength as the magneft leaves the bar. The magnetisa • 
tion arising from the pole, and which transmits itsell 
condudively, goes on increasing ; whereas that which 
results from lateral adion decreases. Hence the magne- 
tisation situated near the point of contad grows, because 
it depends chiefly on the polar adion ; and the magneti- 
sation of the remote portions decreases because it 
depends principally upon lateral adtion. When the point 
of contad is transferred to the extremity of the bar, the 
curve of demagnetisation is only of one single branch. 
The inclination of the magnet, nevertheless, adts the 
same as in the preceding case ; but the first of the two 
anomalies is not met with. Alter cACcedina the angle o^ 
90°, the magnetisation continues to increase witnout 
retrogression. This is to be expedted because the surface 
of contadt is always limited to a single point (the plate 
being extremely thin) ; the second anomaly continues to 
exist, as it should. In a third case, let the point of con- 
tad M be between the middle of the bar and one of its 
extremities, which call b, the other extremity beingcalled 
A, the curve of demagnetisation will, as a rule, be com. 
posed of two branches. From extensive analysep it 
appears that there is really an advantage in inclining the 
magnet, as it is customary to do in the me'.hod of 
magnetising a bar of iron by "single touch.*' Indeed, 
if the magnet is pushed from B towards a, an \ if it in- 
cline to the side a, the magnetisation developtd behind 
it will be always greater than if it were perpet^.-^icular 
to the bar. If the magnet incline to the side B, and il.c 
movement continue to be from b to a, the magnetisation 
will, on the contrary, be weaker than if the bar were 
perpendicular. Treatises referring to the manufadture of 
magnets by *' simple touch," give 25° to 30® as the most 
convenient angle to be given. The author thinks this 
angle is only given for convenience of working since, in 
his experiments, he inclined the magnet from 45** to 2' or 
3*, and al^vays found the result to be more powerful a 
the angle was smaller. 

Les Mondes. Vol. xxxvii.. No. 10. July 8tb , xStS- 
This number contains nothing soitable for om co umn 
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Annates TeUgraphiques. Third series. March, April, 

1875. 

Review of Eledlrical Apparatus used in working 
French Railways. — M. Amiot, Inspedlor of Tele- 
graphs. 

The Destrudlion of Wooden Posts. — M. Bourseul, 
Sub-Inspedor of Telegraphs. — Reserved for future trans- 
lation. 

Eledric Standards and their Measurement in Ab- 
solute Units. — M. E. E. Blavier. 

Automatic Control of the State of the Line. — M. 
Bernier, Controller of the Telegraph of the Orleans 
Railway. 

Annalcs de Chimie ct dc Physique. 
May, 1875. 

Application of Ele(5tricity to Firing of Mine-Cham- 
befs, Torpedoes, &c., and to the Mining Industry. — 
MM. Champion, Pellet, and Grenier. — The authors de- 
scribe recent improvements (through researches, partly 
their own) in the art of ele(5tric blasting. Among the 
topics successively dealt with are the indudion appara- 
tuses and batteries used ; wires and fuses (the theory of 
the latter being fully discussed and varieties described) ; 
numerical examples and problems ; such as, given a battery 
and the distance from the place of explosion, how many 
\ *"uses may be fired ? Cartridges for explosion of wet gun- 
c uton ; simultaneous explosions, tension and induction 
fu .es. 

June, 1S75. 

Studies on the Transformation of Iron into Steel 
by Cementation. — M. Boussingault. 

Relation between Nature of Steels and their 
Coercive Force. — MM. Treve and Durassier. — The 
authors had fire steels prcpaiedwith difTerent proportions 
of carbon ; and they hardened each in three different ways 
(after heating to 767"— 800") ; viz., immersion in water at 
10 degrees, in boiling water, and in oil at 10°. The bars 
were then magnetised and their magnetic force deter- 
mined. With the highest proportion of carbon, the mode 
of hardening has not a very marked influence on the mag- 
netic force ; but as we come down the scale, the adion is 
distind. Hardening in cold naier keeps the lead to the 
bottom of the scale ''•"...., the bars thus treated and mag- 
.-^etised eiv** :l,c greatest defledion.) To the maximum 
of caroon (meaning thereby i to 1150 per cent), corres- 
ponds the magnetic maximum. But the coercive force 
increases very little in steels raised above 0*500 or 0-550 
of carbon ; which proportion is sufficient for the maj^nets 
used in magneto-cledric machine?. For magnetic needles, 
the full proportion should be preferred. Carbon appears, 
lastly, to confer magnetic capacity on steels as well as 
elasticity. 

Employment of the Tuning Fork in Eledric 
Telegraphy.— M. La Cour. — In ordinary tclcgrapliy 
only two simple signals are pioduced, either by opposite 
currents, or by prolonging, more or less, the d'uiation of 
one current. M. I,a Cour pioduces a gie^t num'ncr of 
simple signals with one wire. A tuning fork is caused to 
open and close an eltdric circuit at cacli vibration ; and 
these pulsatfons of current acfl elccftro-magnetically on a 
second fork in unis(m with the first, putting it in vibra- 
tion. In this receiving instrument, the branches of the 
fork are each enclosed (with, freedom for oscillaiion) in a 
bobbin ; the bobbin.-; receive the intermittent current, 
which then passes to an electro-magnet so placed that its 
two poles are close to ilie two opposite poles produced in 
the branch-extremities of the fork. Thus the current 
produces an attraction (when it passes), which opens the 
branches of the fork ; when it ceases, the branches ap- 
proach each other, and so on repeatedly. The vibrations 
quickly reach such an amplitude that one branch touches 
a slip of metal, closing the circuit of a local battery and 
giving a signal. The intermittent current makes only 



that fork speak which is in unison with the sounding fork. 
Thus, with a number of different forks at one station, and 
an equal number of receivers corresponding, we may pro- 
duce an equal number of simple signals, each requiring 
only a simple movement ; and each signal corresponding 
to a letter, figure, &c«, dispatches may be sent more 
quickly than by the ordinary method. A signal may be 
sent to one of several stations without the others perceiving 
it. Several signals can be produced simultaneously by 
the same wire. Other advantages may suggest them- 
selves. 

July, 1875. 

On the Role in Eledlric Phenomena of Insulating 
Substances in conta(5l with Condudling Bodies. — M. 
Neyreneuf. — In this paper the author first investigates 
the a<5lion of the insulating plate in ordinary phenomena 
of condensation, as in the discharge of a Leyden jar, and 
shows that the fluids do not abandon this plate, as is 
supposed, but that it ads, like the glass plate of the 
Ramsdcn machine, by influence on the condudors. He 
thus explains various experiments, (several of which are 
his own device), and he entirely assimilates the condenser 
to the eledlrophorus. The eledlromotive force of the in- 
sulating plate, in a condenser, is opposite to that of the 
statical source of the charge, just as the polarisation of 
the eledrodes in dynamic eledlricity occasions the pro- 
dudion of a secondary current opposite in diredion to 
that of the principal. M. Neyreneuf studies the circum- 
stances, conditions, and limits of the charge and phe- 
nomena of discharge. He further studies the influence of 
elcdricity on gases, and describes a number of experiments 
with the tourniquet and with flames. 

Nachrichtcn von dcr Konif^l., Gcsellschaft der Wisscns- 
chn/ien zu Gottingcn. Nos. 10 and 11, 1S75. 

Researches on Magnetism of Steel Bars. — M. 

Fromme. 

Oscillations of a Magnet under the deadening in- 
fluence of a Copper Ball. — M. Himstedt. 



Berichtc uber (fit: Vcrhnndl.^ dcr Naturforschen Gesell- 
sell (if I zu Freiberg, Bd. vi.. Heft 2. 

Galvanic Glov/ing of Metallic Wires. — M. J.Miiller. 

Diiiglcr^s Polytcchnischcs yournal, 
June I. 

Application of Elecflromagnetism in increasing the 
Pressure of Locomotive Wheels against the Rails.— 
M.DrcyfuH. — Tlie writer sketches the history of thissubjed 
and describes an arrangement recently devised by M. Bur- 
gin. '1 hecntire a:;le,with its wheels,is made intoone eledro- 
magnet. The wire is wound, with increasing thickness 
from tlie middle towards the wheels, in the case of external 
cranks ; but uniformly, in the case of internal. WiLh 
coupled wheels tlie wire is so arranged that there is aa 
alternation of polcs, the piece of rails between two poles 
forming the armature. A locomotive model (without 
engine or boiler), having three pairs of wheels, and inter- 
nal cranks, was placed on a line with 30 per cent incline; 
the current for the wires was supplied from five Bunsen 
elements. The moving force was a weight of 12 k., wth 
cord passing round the axles. The machine weighed 
8*5 k., and with no current flowing, the wheels merely slid 
on the rails in position ; but when the circuit was closed 
the model ran up the incline. When the brake was ap- 
plied (and weij;ht detached) the model could be held on 
l!ie il cp incline if the cuirent was passing; but if not 
t' e v;'i ftls beg.m to slide and the locomotive went down- 
\ . '' \ it'll increasing pace ; but this descent was promptly 
, bci'. I . v.Iitn the current was made to flow a^cain. 
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Experiments on ElecStricity furnished by the Fri^ion 
of two Substances.— M. Facinotti. 
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On Eleftrostatic Measurement of the E1eAronio~ 
tive force of InduAion.— M. Donati. 

On the Temporary Ma^etism of 3 Bar of Iron. 
—MM. Donati and Poloni. 

Reale Islilulo Lombards d^ScUiszt e Leitre. 

Rendiconli vol. S., Fasc. i and ii. 

Results of Observation of the Diurnal Oscillations. 

of the Declination Needle during the year 1874, at 

the Milan Observatory. — M. Schiaparelli. 

Poggtndorff's Annaltn dcr Physik und CliiinU. 
No. 4, 1873. 

On Unipolar ConduAion of EleAricily tbroueh 
Gas Layers of different Condudlivity. — M. Braun.— 
Reserved for teparate note, 

Studies on the Curiems of Eledlric Machines.— 
M. RosMtti.— See p. zG. 

Eleflric Pall-Machines.— M. Waldner.- These are 
for deiQonMraling the laws of fallini; bodies. In one 
arrangement a brass ball is hung by a thread some height 
above the ^ound. Under it, at distance = i, are two 
metaUic balls connefled with the poles of an eleaiic ma- 
chine ; they are so far apart that a spark cannot pass 
between them, but if the suKpended hall drop between 
them a spark will pass. I'uithcr down, at distance — 4, 
then = 9, &c., are similar pairs of balls. The thread 
of the suspended ball being burnt, the latter falls be- 
tween the successive pairs, giving passage at each pair, 
to the current, and simultaneously, the spark in another 
part of the circuit strikes a revolving soot-blackened 
drum, making a mark. The distances between successive 
marks are found to be equal. In a second arrangement, 
there are two cylindrical conductors, insulated and verti- 
cal, with a metallic ball suspended between them at the 
top, hardly filling the interval, and sufficient to enable a 
spark to pass between the cylinders, which are connedled 
with the poles of an indudion (secondary) coil. One of 
the cylinders has a coating of soot-blackened paper. The 
thread is burnt, and the ball falls; sparks are made to 
pass at regular intervals of time, by means of clockwork, 
interrupting (he battery current. Each spark leaves its 
mark on the blackened surface ; and thus are shown the 
spaces passed over in equal limes. 

Experimental Determination of Diamagnetism 
through its Eleflric Indudtive AAion.— M. Tdpler.— 
In the improved methods Jiere described the case is sim- | 
plitied by no movement of the diamagnetic body being ^ 
involved. For example ; two Spirals me inserted one be* 
hind the other in a battery circuit ; and within these, two 
induAion spirals (n and b), which are opposite and con- 
neSed through a galvanometer. Thus, on opening and 
closing (he primary circuit, the diflcrence of the induc- 
tions is indicated. But this difference is eliminated by 
means of an auxiliary spiral to the wt.-aker spiral (say b) ; 
which is inserted in the galvanometer circuit and moved 
towards the primary spiral till the galvanometer aflion on 
opening and closing disappears. A diamagnelic body is 
now put in the middle of the spiral n- and on cpening 
and closing the primary circuit the induAive aiflion is 
shown by the galvanometer. 

Some Researches on Thomson's Ele^i 
M. Holmgren.- The author notices some 
error in use of the * 



PATENTS. 



Eledroscopic Notice.— The editor showed sometime 
ago that the amalgam used in elei^ric machines makes 
ail bodies rubbed with it positive, even those held to be 
the most negative. He now recommends, that insiead 
of rubbing the ebonite, used for charging Ele^ric ma- 
chines, with cat's fur, woollen cloth, or the band (making 
it negative), it be rubbed with amalgam (making it posi- ' 
live). The process is thus facilitated and succeeds 
(bough the atmoipheiic conditious be unfavourable. 1 



APPLICATIONS FOR LETTERS PATENT. 

2434. William Stroudley, engineer, and Stephen Rus- 
bridge, inspeflor, both of Brighton, for an invention of 
'' Improvements in apparatus for and in the method j( 
signalling between parts of a railway train, parts of w.iich 
apparatus are applicable 10 or for other purposes."— Dated 
July 6, 1873. 

J440. William Hinds, engineer, of Ironmc.iger Roiv, 
Old Street Road, London, and Donald 7,icoII, Esq., 
justice of the peace, of 13, Clements Inn, S'.rand, London, 
for an invention of " Improvements io machinery for lay- 
ing down and taking up detonators or fog signals on rail- 
ways, and in signalling thereby. — Dated July 6, 1875. 

2472. William Edward Gedge, patent agent, of II, 
Wellington Street, Strand, Middlesex, for an invention of 
" Improvements in apparatus for ^^ignalling on railway 
trains." — A communication to himfrom abroad byBaptisto 
Le Bret, of 2, Rue Licluse, Paris, France.- Dated July 
g, 1875. 

2495. Christian Heinzerling and Henry Liepmann, 
both of Glasgow, Lanark, North Britain, for an invention 

fuse caoutchouc and gutta-percha." — Dated July 11, 
"875. 

2509. William Robert Lake, of the firm of Haseltine, 
Lake, and Co., patent agents, Southampton Buildings, 
London, for an invention of " Improvements i.i galvanic 
apparatus and in contrivances connected there wi'h applic- 
able to telegraphic and lighting purposes." — A co-nmuni- 
cation to him from abroad by F. W. Wippcrn, of Mi idling, 
near Vienna, Austria.- Dated July la, 1B75. 
NOTICES TO PROCEED. 

819. Walter Parker Smith, engineer, of Loslwilhie 

Cornwall, has given notice in respefl of the invention ot 

nproved apparatus or mechanism for interlocking 

,vay signals, switch and facing point apparatus. 

GRANTS OF PROVISIONAL PROTECTION FOR 

SIX MONTHS. 

2309. George Tomlinson Bousiield, of Sutton, Surrey, 
for the invention of " Improvements in apparatus for the 
adjustment of magnetic needles." — A communica''"" 'o 
him from abroad by George lies, of the city '■■' ojonlreal, 

the province of Quebec, Canada. 

2351. Alexander Melville Clar' , patent agent, of 53, 
Chancery Lane, Middlesex, ior (he invention of " Im- 
provements in (e)egraphic circui[s." — A communication 
to him from abroad by William Edward Sawyer, of Wash- 
ington, in the distrifl of Columbia, United Stales of 

2383. Austin Chambers, signal engineer, of 238, Mury- 
lehone Road, Middlesex, for the invention of "Improve- 
ments in pneumatic signals for railways." 

PATENTS WHICH HAVE BECOME VOID. 

I96r. Lillias Jobson, widow and executrix of Robert 
Jobson, of Dudley, Worcester, for an invention of " Im- 
provements in the manufa^ure of supports for telegraph 
insulators." — Dated June 29, 1872. 

1987. James Fielding, of Manchester, Lancaster, for 
an invention of " Improvements in apparatus for convey- 
ing signals from one person 10 another in railway trains." 
—Dated July i, 1872. 

PATENTS GRANTED IN FOREIGN STATES. 
Austria. 

C. Clamond, of Paris fur " An improved Ihermo-eleflric 
apparatus."—! year. (Secret.) -D.iled March 24. ib75. 

A. Crcj-pin, of Paris, fcir " Automatic relays for pneu- 
maiic toiivey.incB of dispaicht-s .it a steady sjiced." — 
.1 years. (I'liblic.j-D.Hc.l March .19, ,875- 

ii. E};!;er, of Vienna, for " Inipioveniciits in copper-zinc 
batteries." — i year. (Secret.) — Dated Match 24, 1875. 
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Bbuhum. 

37,244. B. RolUnd and J. Delbroack, of Ciply-Moni, 
for "AnekAtic laTety apparftlDS for railwajv." — Dated 
Jane la, 1875. 

37,346. C. Gay, for an imported invention of " An intu- 
Uting coating,"— Dated June 11, 1875.— (French Patent, 
J one 9, 1873-} 

;l7,a70. A. Chamber*, a Patent of Improvement for 
mprovements in railway signaU and in apparatus em- 
ployed tbercfoc." — Dated June tjth, 1875. — (Original 
Intent, December 14th, 1S74.) 

ABSTRACTS OF SPECIFICATIONS. 

United States. 

Station! for Submariiu TtUgra^hs.— Robert F. Brad- 



muoication with the land termi 
hollow le&ional column which is supported on a univer- 
mIIv jointed base-pUle, and anchored, by stay-chains or 
cables, to bottom stay-plates secured by stakes, for 
earning the branch cable from the main cable to the 
■uriace, aubstantially as and for the purpose set forth. 

EUttric Signalling and Rtcording Apparafus.—V/mikm 
J. Philips, Philadelphia, Pa., Apnl 38, 1875.— Arranged 
•o that a watchman may send in 3 signal lo central 
office, announcing hii visit to kny post, and at the same 
time register by suitable devicia the time of the visit upon 
a dial in the box, all in an ordinary distrift alarm system. 
I. The combination, with an eledric signalling or alarm 
m£cuM,;:<m, of a recording mechanism, for registering at the 
traaimittiLg station the time of iransmjiial of a signal 
therefrom, 1 ubstantlally as set forth. — a. The doubie-fsccd 
rignal-box, provided with the lienatting mechanism and 
the clockwork register, substanlially as setfoitb. — 3. The 
combinatioi , with the circuit- breaking wheel and motor 
train thereor,of a pencil or other marking point of a regis- 
tering mecl anism and suitable conneSing devices, sub- 
■tantially is set forth. — 4. A double-faced signal-box, 
provided with the flanges R S and bolts U, substantially 

as and for 1 he purposes set forth 5. In the registering 

mechanisn', the pencil-arm M, composed of the rigid 
parti m m', united by a spring slip or piece, n, substanti- 
ally aa anl for the purposes set forth. — 6. The combi- 
nation, with the arm M, provided with projeAion e, of 
^^•'J slandaru ^. provided with bevelled upper edge or end, 
■ubstantially as a^'i for the purposes set forth. 



COMMERCIAL NOTES. 

A TBLEoaau from Monte Video announces the com- 

Eletion of the last sedion of cable between that city and 
buy, close to the Braiilian frontier, where the Western 
and Brazilian Telegraph Company's aystem begins. The 
portion just finished belonged 10 the Montevidean and 
Braxiltan Telegraph Company, which was taken over by 
the Flatiao-BrBiileira and Weitem and Brazilian Com- 
panies. DireiS communication from England is now 
opened, not only with the River Plate region by way of 
Brazil, but also by the overland wire with Chili, which is 
traversed by telegraphic lines from Valparaiso southwards 
to Talcatruano, and north to Caldera. 

The Globe Telegraph Company recommends a Gnal 
dividend of 3s. per share on the preference shares, 
making 6 per cent for the year, and 2S. fid. per share on 
the ordinary shares, making 5 per cent for the year. 

The West India and Panama Telegraph Company 
(Limited) have received intelligence thai their s.s. 
Invtstigalor hat repaired the cable between St. Vincent 
and Barbadoes, and that all stations on their system 
are now in telegraphic communication with England. 

Th« Bailarn Telegraph Company's traffic receipt* for 
- -*- of Juiia, tl7>, amounted to )(30,iii aikloit 
■'- pmiing ptHfd •( lBf4. 



tha I 

i(>|ilt9 IR tin 






TELEGRAPH SHARE LIST. 







SS 


liu Submsrine 




D»';,r/a''a'5r".. :: 


German Union Trkaraph and Tmtt 

Globe -r<]<E.aph an3 TVdM .. .- 

Dilto, 6pcr cent PrefcrcncB.. .. 










Panama ai^ South Piciac 

Reuttr-. 

Suboiaciaa 

Dillo. Scrip 

Wait IndU and Paaama 

We.«m an5*Btaiilian 

WeHirnUn.U.S-rptteentinM.B. 

India-Rubtrr and Gotu-Percha . . 

Submadn. CaMtt T,u« 

Telegraph Conatruftioo 

Dilio, 7perceBlBondi 



All 



At the meeting of the Eastern Telegraph Companr 
held on Tuesday, the diredlor's report was adopted- The 
dividend of 3s. fid. per share, making j per cent for tbe 
year, is i per cent less than in the previous year. 

The trafGc receipts of the Western and Brazilian Tele- 
graph Company (Limited) were ;fio,839 for the five 
weeks ending July 2. 

The traffic receipts of the Eastern Extension, Ac, 
Telegraph Company (Limited) for June amounted lo 
jf30,iS3 agunst j£tg,036 for the conespooding p«riod 9I 
1874. 

The traffic receipts of the Braiilian Submarine Tele- 
graph Company for the month of June aaounted to 

The traffic receipts of the Great Northern Telegraph 
Companyfor June were 393.080 frs. ; last year, 386,374 frs. 
Total traffic receipts ist Jan. to 30th June this year, 
1.995^77 f"-; la" ye»f. 2,076,371 frs. 

The receipts of the Submarine Telegraph Company for 
June were ^^9376 189. 4d. Those for correspondiiig 
period of 1874, ^gi88 igs. 

The traffic receipts of the Aoglo-American Telegraph 
Company for the and inst. amounted to ^1340 ; on the 
3rd,tO;t"5o: on Ihe4th,to;f3io; on the 5th, to;f7ao; 
on the 6th, to ;(ii6o; on the 7th, to ;fizgo ; on the Sth, 
to £1460 ; on the gih, to ;£'i350 ; on the 10th, to ;£t3ooi 
on the nth, to^^aSo; on the iztb, to ;f tiio. 

The Indo-European Telegraph Company (Limited) 
announces that the average time in transit between 
London and India of all outward message* to India and 
beyond, during the week ending the 9lh inst., via 



Teher, 
Thed 



lr3f 



of Hooper's Telegraph Works (Limited) 
AuiiuuNi:<: Liim, owing lo the absence of new contra£ts 
since the 1st of January, they have decided not to pay 
an ad intirim dividend for the half-year ending the 30th 
June tasL It is added, however, that negotiations are 
pending for several important contradts, and that one of 
considerable magnitude has been provisionally arranged. 
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Since the day when Elediricity was first disco- 
vered, until now, its vast importance and its 
high destinies have grown upon the human 
mind. Fresh phases of its power, fresh results, 
new means of obtaining and governing its 
adlion, and multiplied ends to which it may be 
turned, have constantly discovered them- 
selves ; till to-day it stands out as one of the 
grandest subjedls presented to the scientific and 
practical world for investigation and research. 
Perhaps, however, no other Science or Art 
has exhibited so extraordinary a concurrence 
of anomalies. It is at once the most ter- 
rible monster and the most humble and 
obedient servant , its acflion is at one moment 
beneficial, at the next destrucflive ; its range is 
boundless, yet it may be ** cabined, cribbed, 
confined " at ease ; it is everywhere present, 
while its nature is only imperfecflly understood ; 
and, to crown all, although it is one of the most im- 
portant agents in the adlion and the phenomena 
of the universe, and increasing knowledge of 
its applicability to the needs of our race is of 
the utmost importance, no direcfl means of as- 
certaining the thoughts and discoveries of its 
students, or of bringing them before the scien- 
tific and mechanical community, at present 
exist. Attempts have been made to supply 
this want, and journals have been started 
with the professed objedl in view of making 
public all that is known or can be learnt 
of Eledlricity in all its branches. But they 
have degenerated into unscientific records of 
unimportant events, and the purpose for which 
they were established has been lost sight of. 
Thus it comes that— while Engineering, Che- 
mistry, and other Applied Sciences have all 
their representative recognised organs — the 
Eledlrician finds himself without any current 
journal from which he can learn the events 
which are daily occurring of peculiar interest 
to himself. 



Such a want has now been supplied by the 
establishment of the Electrical News and 
Telegraphic Reporter. In its columns will be 
found the most valuable opinions of eminent 
Elecftricians and scientific men all over the world. 
Articles will be contributed which will be of value 
not only to those who study Eledlricity as amateur 
experimentalists or scientific inquirers, but also 
to those whose daily life is bound up with the 
advancement of pradlical knowledge in all de- 
partments of the science, and who as elec- 
tricians, telegraphists, eledlrotypers, eledlro- 
platers, and chemists have continually to deal 
with the same marvellous agent of force in 
different ways. Nor will the doings of foreign 
societies be ignored as in times gone by, but, 
in the shape of carefully preiDiared abstra<5ls, 
their proceedings will be presented to our readers. 
Every opportunity will be given for <he health- 
ful discussion of the science in all its branches, 
and a fair unbiassed course will be steered in 
all questions of dispute. 

This, then, 's our Programme ip brief. More 
we could promise, but prefer to let the new 
periodical speak Tor itself. The subjecfl wJi 
which it will deal is of too great importance to 
need one word of recommendation. Daily ex- 
perience teaches us that we are as yet on the 
threshold only of a vast expanse of elecflrical 
knowledge. This has to be explored, and as 
the research gains in strength and intelligence 
the results will be far beyond all present con- 
ception. The feat, of girdling the earth in 
forty minutes will be eclipsed by great deeds 
yet to be done, and if the establishment of 
the Electrical News and Telegraphic 
Reporter conduces to the hastening of this 
desirable end our objecfl will have been gained, 
and we shall be fully rewarded. 

Boy Court, LiulKate Hill, London, B.C. 
yuly ist, 1875. 
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THE COPPER-ZINC COUPLE AND ITS 

EFFECTS.' 

By J. H. GLADSTONE, Ph.D., F.R.S., 
Fullerian Professor of Chemistry ia the Royal Institution. 

(Concluded from page 4.) 



I WILL occupy the remaining half hour in bringing before 
you some of the work that has been done by means of the 



copper-zinc couple. On one of the papers handed to you 
at the door, I have given what has been done at different 
dates — the chief results and the chemistry of the opera- 
tion, which will be perfeAly intelligible to the chemists 
who are present. You will perceive a note explaining 
that the copper and zinc are not in any definite chemical 
relationship or quantity, in the formula given. 

Let me first take the substance which I have spoken of 
most fully, that is to say, water. There is one experi- 
ment that I should like to show you, because it is so 
illustrative. Zinc alone put into water does not decom- 
pose it. Zinc and copper, as I hope to show you, 
do decompose the water. We can, however, take a 
metal which does decompose water even at the ordinary 
temperature. It is very much like zinc, but more power- 



WORK DONE BY MeANS OF GLADSTONE AND TrIBE'S CoPPER-ZINC CoUPLE. 
Date. Chief Results. Chemistry of Operation. 

1572. Decomposition of water, and preparation of ) ZnCu + 2H20 = Cu + Zn2H0 + H, 

pure hydrogen j ^ 

1573. Dircd formation of zinc ethiodide, and .. ZnCu-fC2H5l = Cu + Zn|^^"5 
Preparation of zinc ethyl, 2Zn|J^^"5 = 2n|^^[{HZnl2 

Ethyl hydride, and z'mciodo^cthylaU .. .. ZnCu+ | ^^^^^0+ |^^"5 = Cu + Zn|f^"50+ .JCJI5 

1873. Preparation of di-amyl ZnCu + 2| J^5^^ii = Cu+ j^^Hii^^nla 

Zincamyl, and 2ZnCu+2 {^5Hii^Cm+Zn{^5Hii4.2nIa 

Amyl hydride ZnCu+ {^/"5^+ {^^^^"^Cu + Zn {f^^^O^ {CsHn 

Preparation of methyl hydride ZnCa+CaH60-f.CH3l = Cu+Zn|^^^5^+CH4 

f C H I C H 

1S73. Preparation of «mc «so/ro^>'/, ' 2ZnCu + 2|j3 7 -Cy;^^Zn[^^^^-{-Znl2 

Zinc frop'iodidet zinc propyl, d^raX propyl [ ZnCu+ l^'*^'' = Cu + Zn J^^^'' 
hydride J "^ll il 

2Znjf3H7=z„i,+Zn|C3H7 
ZnCu+{C3H7+|C.H,O^Cu+Z„{CaH,0^|^H, 

1S74. Isolation of di-allyl, and ZnCu+2 ?3H3 = Cu+ {^3g5+ZnIj 

Preparation of pure propylene ZnCu+ {^^^^■\- {^'^^^^Cu+Zn {f^^sO^CjHs 

1874. Preparation of pure olefiant gas and its) ZnCu+ iS'^^^^Cu + ZnEra+CnHaw 
homologues j ' 0X2 

1874. Preparation of «mc WA^/o6romJ<f^, and .. ZnCu+{gj ^ssCu+ZnjjjJ ^ 

Zinc hrom-tthylaU .. ZnCtt+ {^*^"»+ {^*"5° = Cu+Zn'{^*"50+ {^^"s 

1874. Preparation of zinc chlorethylaie, and dire<5l |^ 2ZnCu+ \ S*^*^^+2 { ^^^5^«=Cu-|-2Zn \ ^^HsO^ | CaH 

hydrogenisation of ethylidene j ^ CI 1 H 1 CI I H 

1875. Complete hydrogenisation of chloroform, | • jZnCu + CHCla+s {^*^5^ = Cu+3Zn {^^^50^.011^ 
Its homologues, and preparation of Acety-) 3ZnCu + 2CHl3 = Cu+3ZnIa+CaHa 

(Investigated by Prof. Thorpe.) 
1873. Conversion of nitrates into ammonia .. ./ 4ZnCu+6HaO+KN03 = Cu+4ZnHaOt+KHO-fNH5 

The new substances discovered during these investigations are in italics. 
Cu signifies simply the metal copper, and not an atomic proportion. 



* Verbatim report of a Leaure delivered at the Royal Inititution. 
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ful in most of its chemical charaaers, and it has the 
power of taking the oxygen away from the hydrogen even 
under ordinary conditions. We will endeavour to show 
that by throwing the image on the screen. Here is a 
vessel of water, and here is a little twisted coil of wire 
made of the metal magnesium. You will perceive that 
there are bubbles forming upon the metal. Now the 
water has got warmer, I dare say, by means of that 
powerful light behind it ; still though certain bubbles are 
formed, you will perceive that the decomposition of water 
is going on but slowly. I will ask Mr. Williams just to 
put in a little of the blue solution of sulphate of copper 
which I haye here ; then you will perceive at once that 
copper is being deposited upon the magnesium, for the 
magnesium is growing thicker, and becoming rough with 
the deposition of metal upon it. Now the bubbles are 
forming in large quantity. You perceive that the copper 
and magnesium together are adling energetically upon 
the water, and the bubbles are forming very rapidly and 
rising to the surface of the liquid. This little experiment 
then, I think, will illustrate to you very clearly that the 
two metals in junftion are more powerful than one alone, 
in decomposing water. ^ . tt • 

Now we will try this by means of zmc. Here is a 
good large copper-zinc couple which has been acfling for 
some time, and here is some of the hydrogen gas which 
has been colleded. You see it is working away slowly at 
the ordinary temperature. I will ask Mr. Williams to 
change the water — to pour away this water and take 
some warm water instead. I have put upon the board 
the amounts produced at different temperatures, in 
experiments which were performed carefully. At a 
temperature of 2° C, that is to say, only just above the 
temperature of ice, we got during twenty-four hours 
I* I c.c. of hydrogen gas. But when we operated at 22° C, 
that is to say, a little above the temperature of this room, 
we got 5*5, five times as much. When it was made 
warmer (34° C.) then we had 13-9, and so on. You may 
see how very rapidly these numbers increase with the 
temperature. The quantity of gas increased at a very 
much more rapid ratio than the increase of temperature ; 
so that when we get to pretty nearly the temperature of 
boiling water, 93* C, we get about 500 times as much 
gas produced as we have when the water was nearly 

frozen. . «. « r <.Tr •« 

This just illustrates the cffe<a of temperature. Well, 

here the aftion is going on with the warm water. I dare 

say we shall see that the hydrogen gas is coming off more 

freely. , . . . 

I will draw your attention to this piece of apparatus. 

It is one which was set up during the Christmas ledures. 

It was put aside in the laboratory, and I believe has not 

been touched since. It has been working on during all 

the time in the cold, and it has been doing its business 

quietly without stopping. It is still working. Here, 

in this tube, is an amount of gas which has been colledled 

since yesterday. We have colledled these 25 centimetres 

since about this time yesterday, when the apparatus was 

placed on the table, and we shall, no doubt, find that this 

is hydrogen gas. You will observe another result. We 

have a quantity of white oxide of zinc formed. The zinc 

has, in fad, turned almost entirely into oxide. We were 

reckoning just now that it must have given off 4000 c.c. 

of hydrogen if it went on at the rate that it is going on 

now; but certainly it- has been ading more energetically 

during the earlier part of these four or five months. 

One of Dr. Frankland's greatest discoveries was the 

discovery of ethyl and of a number of other substances, 

by aaing upon iodide of ethyl by means of zinc at a very 

high temperature, and at high pressure. In this way he 

obtained the spontaneously inflammable zinc-ethyl and 

other bodies. Now we thought that the acflion which he 

obtained with difficulty, our zinc-couple would, perhaps, 

bring about much more readily, and we tried it, and found 

that such was the case. We have merely to take some 

of this couple and pour upon it the iodide of zinc, and we 



find that the iodide of zinc is gradually decomposed — 
that a solid substance first is formed in the reason, aad 
that this zinc ethiodide, as it is called, and a gaj^ are 
produced as Frankland found. If this zinc ethiodide be 
heated, it is resolved into iodide of zinc and the spon* 
taneously inflammable liquid, zinc-ethyl. We can pro- 
duce this in larger quantity, and very quickly indeed, by 
the use of the new copper-zinc couple. However, it it 
too slow a process for me to show you just now. I will 
show you simply some ethiodide of zinc which has been 
produced, and some of the zinc-ethyl which has been 
prepared in this way. I will take a little up in this tube, 
and you see as I allow it to pour down from the end of 
the tube it catches fire the moment it is brought into 
contadt with the atmosphere. 

But this couple will decompose a number of other 
substances of a similar charader — iodides and bromides. 
It will decompose them much more easily than the zinc 
itself will, and much more quietly, and we can produce 
substances which we cannot produce without the couple. 
I will next show you zinc-propyl — an analogous body 
which has never been prepared before ; but it has been 
prepared by this means. It is like the zinc-ethyl in some 
of its properties, and I will repeat the same experiment 
to you, and show you that it also is spontaneously com- 
bustible. Here we have this liquid. As I allow it to 
run out it catches fire in the air at once, and from the 
blazing stream rises oxide of zinc, which floats away in 
the atmosphere. This, then, is one of the children of the 
copper-zinc couple, and a fiery child it is, as you see. 

But we have some more fiery children. The zinc- 
isopropyl is still more adlive than that. I must not dwell 
too long upon these things. We can produce the ethylo- 
haloid compounds themselves by bringing their con- 
stituents together. We can take this zinc-ethyl, for 
instance, and warm it with iodide of zinc, when it forms 
Frankland's ethiodide. By using bromide of ethyl 
instead of iodide, I can produce a perfedly analogous 
substance. This ethylobromide of zinc we prepared some 
time ago. This is a substance which was never prepared 
before, but which was first obtained by means of the 
copper-zinc couple, and by heating it we can produce 
our inflammable zinc-ethyl just as from the iodide. 

There is no reason why we should not have a chlorine 
compound like the iodine and the bromine compounds. 
i This has been prepared by means of the copper-zinc 
\ couple. My first idea was to prepare it before you in my 
ledlure to-day; but one does not like to make an experi- 
ment for the first time in a ledlure-room, especially when 
dealing with such an inflammable substance as zinc-ethyl. 
One does not kno-.v what its habits may be when brought 
into contact with what it has never been in contad with 
before. This, therefore, was prepared on Saturday, and 
this is the first and the only specimen of the substance 
which has ever been prepared in the world. Here, then, 
is a new body which has never been seen before except 
by ourselves. Well, we must give it a name, of course, 
and what name shall we give it ? We can only name it 
according to the family to which it belongs, and you per- 
ceive its brothers upon the printed table. Against the 
date ** 1873 " we have the diredl formation of zinc 
ethiodide. That was Dr. Frankland*s substance. We 
produced afterwards the zinc ethylo-bromide, and 3^00 
will perceive that it is put in italics in the' table because 
it is a new substance. It is this pearly, crystalline body. 
This last we must call by the same name, putting 
" chloride " in the place of** bromide." So it stands at 
the ** zinc ethylo-chloride." That must be the name of 
this new crystalline substance which we have just 
produced. 

It must be remembered that we are only just lannchiiig 
upon this investigation. If, instead of talang the iodide 
of ethyl and adini; upon it by means of the copper-zinc 
couple, we mix it with some alcohol, or water, befoie- 
hand, we get a different kind of readion. We get the 
hydrogen of the water, or the hydrogea of the alcobo!* 
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entering into the matter. That has been going on in 
this experiment which was started this morning, and I 
believe that the adion has filled this vessel with gas two 
or three times. In this case the gas is what is called 
hydride of ethyl. In this other vessel we have a similar 
substance — hydride of methyl, or marsh gas — the inflam- 
mable gas of coal mines, or the inflammable gas which 
comes oflf from marshes. It will burn. [The marsh gas 
was caused to issue from the jar in which it had been 
colleded, and was ignited] . 

This is the easiest way, by far, of producing these hy- 
drides ; but, at the same time, we are producing something 
else in the liquid. You who are well acquainted with 
chemical symbols will observe the chemical equation, and 
see that it involves the formation of some oth^r bo^y. 
There is a combination of the zinc and iodine and CaH50. 
This is a new substance, which we have termed zinc iodo- 
ethylate. It dissolves in alcohol very freely, but not in 
water. Here it is. I will show you that it is decomposed 
by water by pouring a little into the water in this vessel. 
What we get is a thick precipitate of oxide of zinc and an 
alcoholic residuum. By similarly treating a bromide, we 
may get a similar bromine compound, and by similarly 
treating a chloride, we may get a corresponding chlorine 
compound. In fad, there are various ways in which these 
may be produced. I will ask you to look, after the ledure, 
at this beautiful gelatinous oxide of zinc which is floating 
about in the liquid. 

One hardly knows how to refer to all the various sub- 
stances that are here. We will take substances which are 
perfedly analogous one to the other, as far as composition 
is concerned. This copper-zinc couple is a quiet means 
by which we can split them asunder, or, rather, gradually 
Uke one element away from the other element ; and in 
this way we can see how they are built up — what we may 
call their strudure. In chloride of ethylene and chloride of 
ethylidene we have two such bodies', and they are aded 
upon differently by the couple. 

We can produce other bodies by this agency. For in- 
stance, here is a specimen of di-allyl. Suppose we take 
chloroform, or bromoform, or iodoform ; we find it easily 
aded upon. If I were to take iodoform dissolved in alco- 
hol, and put some copper-zinc couple into the vessel, we 
should see an adion taking place, with the produdion of 
mixed hydride of methyl and acetylen. This takes a few 
moments to commence, and then it becomes very ener- 
getic in its adion. These readions give about the best 
illustration that I know of the influence of time. It is very 
singular that many of them will remain quiescent for a 
quarter of an hour, or perhaps an hour, without any 
change being apparent, and then they begin to ad, and 
the adion becomes rapid and soon ceases. It is important 
to be very careful in bringing these substances together 
in the first instance, because we do not know whether a 
long time will elapse before the adion commences, or 
whether, as in the case of bromoform, the whole contents 
of the vessel may be violently thrown out upon the sub- 
stances being brought together. 

Sometimes we are asked the question, ** What is the 
»x>d of these enquiries ?'* Well, the good is very various. 
That is generally the last question that we ask in experi- 
menting. It ought to be the last question ; but still it is 
interesting, at least to the public generally, to find that 
there are somepradical results flowing 'rom such investiga- 
tions. The main results may be of a theoretical order. 
Our theories, views, or hypotheses, diagrams or illustra- 
tioiis, are all very imperfed. They represent but poorly 
what takes place in nature. But, by increasing our ex- 
periments, and getting more and more to the truth of 
nature, we advance our theories and improve our know- 
ledge of natural things. It is the same as in higher things, 
where, I suppose, our first imperfed conceptions gradually 
become more and more per£ed, and we arrive at the know- 
ledge of that which is useful to us, body, soul, and spirit. 
Thai may be the usefulness of the copper-iinc couple, as 
far as theory is concerned ; but, as far as pradical purposes 



are concerned, it has already enabled us, as you see, to 
make at least some half-dozen new substances, which we 
have now at our disposal. It has also afforded us an easy 
means of preparing a great number of other substances,' 
such as these hydrides. It has been employed in one way 
in analysis. One of the most diflicult problems in all 
analysis, but one which is very important too, is the esti- 
mation of nitric acid or nitrogenous substances in potable 
water — for instance, in river water. A great deal has been 
written on that subjed, and Professor Thorpe has em- 
ployed our copper-zinc couple for turning the nitric acid into 
ammonia. We have performed the experiment here. 
This is some of the nitrate of potash which was employed, 
and here is some ammonia which has been distilled from 
it after being aded upon ; and here is some of what is called 
the Nessler*s test solution. I will show you that this 
nitrate of potash will not affed the colour of the test in 
any way ; but, if I take a little ammonia, we shall find a 
very great change. I have not tried whether I have really 
got any ammonia in this vessel. Yes, we have a quantity 
of ammonia, formed by the decomposition of that nitre by 
means of the copper-zinc couple. 

I hope that I have been able in this short time to g^ve 
you some idea of the principle of this copper-zinc couple, 
and of the work that is being effeded in your laboratory 
by means of it. I trust that the work will go on, and that 
we may be able to illustrate more fully in this way several 
principles which I have had so much pleasure in bringing 
before you during this course of ledures *' On Chemical 
Force." 
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Under the influence of air, asd sheltered from moisture, 
wood experiences a superficial alteration and assumes a 
deeper tint ; it oxidises, and burns, but the adion is ex- 
tremely slow. Under water at great depths, withdrawn 
consequently from the adion of atmospheric air, wood 
may be preserved for ages. In order that it experience a 
rapid alteration, it must be exposed to the simultaneous 
adion of air and water. 

When the air is in excess — that is, when the wood, 
maintained in a damp condition, is exposed to the air — 
the deterioration it undergoes is called dry rot. The non- 
nitrogenous materials of the wood comprise carbon and 
the elements of water. The hydrogen of the wood com- 
bines with the oxygen of the air, and some oxygen and 
carbon likewise break away under the form of carbonic 
acid. The residue is a pulverulent material called humus 
or mould, black or brown, and of a variable composition 
according to the nature of the wood which has pro- 
duced it. 

If, on the contrary, water is in excess — that is to say, 
the wood being well soaked, the air ads upon it, but without 
having free access to it, as happens near the surface of 
the soil when the wood is buried in a pervious and very 
damp ground — the decomposition takes the name of wit 
rot. In this case the elements of the water enter into 
combination with those of the wood, as well as with a 
small quantity of the oxygen of the air. A portion of the 
atmosphere's oxygen and the wood's carbon break away 
together, as in the previous case, under the form of car- 
bonic acid. The residue is a whitish, soft matter, easily 
cut, but remaining whole and compad : this is the white 
decay. 

There is another cause of deterioration. The wood 
comprises a quantity, more or less, of nitrogenous mat- 
ters : these, when they are maintained perfedly dry, do 
not alter, but under the influence of moisture and tem- 

Eerature they become decomposed. The water does not 
ere serve simply as the means to favour molecular move- 
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ment ; it s&A by virtue of the affinity or its elements for 
organic substance. Nitrogen, whose compounds are very 
unstable, tends to separate itself direftly the substance of 
which it forms a p;irt has ceased to partake of organic 
life; it unites itself to the hydrogen of the water and 
yields ammonia. In addition, the carbon unites itself to 
the oxygen, and becomes disengaged as carbonic acid. 
There is thus a double affinity ; two all e ring-causes aft at 
once so as to produce a very rapid metamorphosis. The 
wood in this instance is destroyed by putrid ftrmcitation. 

Thus three principal and distindl causes conduce to 
destroy wood ; — 

I. Dominating adlion of the air: producing a veritable 
combustion of the wood. 



2. Di 



aftion of » 



3. Metamorphosis of the nitrogenous substance : the 
wood ferments. 
If the above data arc exa^ we recognise the question of 
the preservation of wood to be a complex problem, and 
one which is far from being fully solved. If, besides all 
the particular causes which lead to the deslrudlion of 
woods, there exist general and well-marked causes of de- 
lerioiatioD, one may ask if it be possible to front them 
wilh one sole remedy applicable in every case ? May we 
hope that a substance injefied into the pores of the wood 
will preserve it in a complete manner ; and, supposing we 
can thus stop ferTmiitation, will the wood be guarded 
against dry and uiit rol f 

Of the three causes of rot which have been enumerated 
each of the two first may exist alone. Suppose that by 
the injeflion of any substance whatsoever— sulphate of 
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sgulated so as to form insoluble compoandi resisting 
repeated washings ; that will not hinder the lignin and 
itllulin from oxidising or combining with the elements of 
the water, according as the wood is ^und in the conditions 
favourable to dry or wit rol. This faft is perfeflly esta- 
blished by diredt observation. Let a post he injeiAed (no 
matter bow) ; if it be planted in a ground that is kepi 
damp by limestone materials, and is broken up by sand 
which renders it pervious to air, it will be preserved from 
lermentation, but it will, nevertheless, be destroyed with 
one or the other rot with more 01 less rapidity. 

On the other hand, if the wood suffer futridfirmenta- 
ticH it becomes rapidly disorganised; hence the non- 
niliogenous portions do not delay to rot themselves. Ttie 
third cause of destni^ion then combines always with one 
or the other of the two first, and it is that which oflenest 
attacks unprepared woods. 

Dry rot produces Gtst of all a brownish stain, extending 
priDcipally in the diiefiion of the wood's fibres, and also 
m ■ transverse dire Ai on, but much less extensively. This 
■tain gradually penetrates from the surface to the heart; 
then the surface becomes disaggregated ; the mould, 
•ometimes called black decay, is detached with the slightest 
provocation, and the wood is honeycombed ; it looks as 
though it had been slowly wasted by fire. 

Whilst this aftion takes place little by little, and the 
IKMt tBtcy, under these conditiosi, stand for several years, 
wUld or «•«! rol odls with surprising rapidity. The resi- 
dua in no way resembles that of dry lot. The tissue 
appeiM inflated with the moisture ; It continues entire, 
and it ihows ■ smooth surface, but is veiy easily cut. If 
th« wood is not cut into to determine its real condition, 
on* woaM conclude its consiiteacy and solidity to be 
perfea. 

Whenever wood is attacked by wtt rol a special 
kind of fiingnB is at the same time developed.* For pine 
■nd fir this fungus belongs to the menilian species, and is 
known to botanists under the name of Mtrulus dtslmetu 
M ItKhrymaHS, When this vegetable encroaches upon a 
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post it shows itself first on the north side, in the dampest 
portion and on the part Icaii exposed to light. It run* op 
from the ground along the wood in the shape of filaments 
of great whiteness, which introduce themselves into tbe 
slightest crannies of the post, develop and spread into all 
the spates they find in the neighbouring ground, under 
level stones, and in the open intervals often met with be- 
tween the wood and the soil. These filets unite, assume 
firmness, and soon form a soft white surface, which ad- 
heres tenaciously to the wood. In this state it secretes 
small drops of a limpid colourless liquid, which gives its 
name of lachrymans — weeping. It is possible that lliis 
liquid, which gives a slight acid rea^ion, helps to render 
soluble certain parts of the wood at the expense of which 
the fungus is nourished. However that may be, under 
the whole surface covered by ttie Uerulut the wood is 
found soaked to a great depth. Moreover, this fungus 
very readily absorbs the moisture of the air, especi^ly 
that of the soil, and fixes it, so to speak, in a pcrmaneot 
manner upon the post. 

When the Mtrului lackrymatu arrives at initurily it as- 
sumes a bright red colout, due, no doubt, to the presence 
of sporules which appear on its surface. These seeds, of 
very great tenuity, penetrate with facility into the sliglilefi 
fissures in the wood, and, if th.ey meet with cooditiOBS 
favourable to frufiifi cation, the wood is soon invaded by 
innumerable germs of deslruaion. 

In the completely developed slate the iltnilut takes a 
round or oval form, of 25 to 30 cm. in citcumference. I 
found them for the first time in this condition on the 
Orleans Railway to the north of Toulouse, and was at 
first astonished to see the fungi arranged in parallel and 
equidistant lines. Searching for the cause of this rcgn- 
larity, I ascertained that the lines corresponded with tbe 
sleepers of the rails, most of which were thoronghly 
rotted. 

The fungus is very rarely found in a matnre condition 
on telegraph-poles. The ravages are priacipally prodoeed 
by the vegetable under the form of myctlmm,' — i.i., by 
those white and silken filaments previously referred to. 
These filaments burst the fibres of the wood by first is- 
planting their most slender extremities into its narrow 
slits, then by developing themselves, and, Gnally, littk hr 
little spreading throughout the whole ligneou masM 
The myctliunt seems to grow and extend at all ■caMvi. 
and develops itself in depth (and especially in a horiioatal 
direftion) with very great rapidity. If the natnre of tbe 
ground adapts itself, and if a sufficient qouitity of dead 
wood be found under the soil, it is not ratv to find — dnriag 
the space of one year— the mycilium prapasated for more 
than a metre in distance. It dessends in a vertical dtret- 
tioD so long as vegetation is possible, or wherever it finds 
a soil at once moist and permeated with air. 

It may be asked if it is truly the fungus which brings 
about this destruAion, since it may be claimed that the 
vegetable is only developed on the wiMd when it is at- 
tacked wilh rot. 

It is very probable that rot always pre-nista, becaos* 
if there were no commencement of alteration in the wood 
the spores or mycelinm, as the case may b«, would not 
find conditions suitable to their development. Bnt At 
fungus, on the other hand, rapidly increase* the rot which 
favours its existence, and thus they together acccleiala 
one another in the common cause of destniOJon. Intln 
manner the amazing speed with which the wood is dea- 
troyed is explained. It is hardly necessary to *AA that 
the injedion of sulphate of copper does not by any means 
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preserve posts from this species of destrudlion. On the 
Midi Railway, between Toulouse and Montauban, where 
the line approaches a canal, injeded posts were attacked 
by the Merulus destruens, and rendered useless in less 
than six months. 

Hence we have to deal with a very dangerous enemy. 
The Merulus vegetates on living pines and firs ; spores, or 
mycelium may be lodged in the interstices of the wood ; 
and for this reason, in planting posts, we bury with them 
germs of destrudion which, in other instances, are found 
beforehand in the soil itself or are conveyed by the air. 

(To be continued}. 



THE TELEGRAPH IN CHINA. 

Some time since, the Chinese Government opened negotia- 
tions with the Great Northern Telegraph Company, of 
Copenhagen, for the establishment of three telegraph lines, 
which were considered necessary for defensive purposes 
on account of the invasion of the Island of Formosa by the 
Japanese. The lines were to unite — (i) Foochow to 
Tae-ouau-fau, the capital of the island of Formosa *, (2) the 
north and south of the island ; (3) Foochow to Amoy. A 
treaty was signed between the Governor of the Island and 
the Company, but it was not ratified by the Chinese 
Government. It was a matter of primary interest to the 
Company that the port of Foochow, the greatest entrepot 
of teas from China, should be put into dired communica- 
tion with Amoy, and consequently with England. They 
therefore solicited the concession of the third line. At 
this time the Japanese were occupying all the territory of 
the Island of Formosa, and were menacing the coast of 
Fokien. The Mandarins could not organise the defence 
without asking help from Europe. The proposed line would 
give them every facility in this resped, so they authorised the 
ere&ion of the line from Foochow to Amoy, and they ap- 
pointed a Mandarin from the Committee of European Affairs 
at Foochow, whose mission it was to announce the arrival 
of the employes of the Company, and to secure them a 
friendly reception. Shortly after, the Mandarins announced 
that the Chmese population was not hostile to the new 
enterprise. The negotiations for the concession of the lines 
were then continued. The Company were desirous of work- 
ing the line for a term of thirty years, after which it was 
to become the property of the Chinese Government. The 
latter reserved the option of re-purchasing the concession. 
These conditions seemed to meet with the approval of 
the Chinese authorities, and the Company, believing in the 
final success of the undertaking, lost no time in bringing 
to Foochow the materials for the establishment of the line. 
The line was pushed forward as quickly as possible, and 
by about the 21st of January of the present year 50 miles 
of the line were finished. While the workmen were pene- 
trating into the interior of the country, the agreement was 
presented for the signature of the Mandarins. They 
accepted the principle of the clauses ; but, as they desired 
some modifications, another draft was drawn up. Fresh ob- 
jedions, however, were raised, and it remained unsigned. 
Time went on, and the treaty of peace was concluded. 
A new President of the Committee of European Affairs was 
appointed, who refused to ratify the business engagements 
of his predecessor. The relations between the Great 
Northern Company and the Chinese authorities became 
less friendly, and the latter learnt that the Viceroy of the 
province had given orders to oppose the continua- 
tion of the works ; the Company were accordingly in- 
struded to destroy the 50 miles of line already established. 
Although these instnidions were not conformed to, the 
work was interrupted, in order to see what attitude the 
Government intended to take. The latter abstained from 
touching theiine themselves, and it was thought they had 
received itistruAions from Pekin on the subjed. The 
Company bad warned the Mandarins that it wonld claim 



an indemnity of 4000 francs a day while the work remained 
stationary. As the opposition of the Mandarins continued, 
the Company decided to go on with the work, but the work* 
men were stopped by force. On the I2th of February last 
the mob were let loose upon the property. In all civilised 
countries the wishes of the Government are enforced by an 
organised body of police or military, but in China it seems 
to be the custom, whenever the occasion arises, to employ 
a mob against foreigners and foreign property. The reason 
why this course is pursued in preference to the more legiti- 
mate one is obvious enough. In the event of an explana- 
tion being demanded by the foreign Government, what 
more easy than to ascribe the affair to the uncontrollable 
fury of the people. The obje^ of attack was a watch-house 
belonging to the Great Northern Company, built on ground 
purchased by them in conformity, not only with the terms 
of the concession granted to them, but also with a special 
clause in the Danish treaty. Three of these houses were 
built on ground purchased by the Company, at intervals of 
ten miles. All these houses contained property belonging 
to the Company ; they were looted, the European and native 
employes driven therefrom, and finally the buildings were 
demolished. The portion of the line already construded 
was pulled down, and the wire, poles, &c., stolen by the 
mob, who declared, we are informed, that the authorities 
had given permission to them to take whatever they could 
lay hands upon. 

Five days before this occurrence news had been received 
in England of the completion of the second sedion of the 
cable. It is, however, a fad of considerable importance, 
that European workmen were able to construct 50 miles 
of telegraph in one of the least civilised provinces of the 
coast of China without meeting with opposition from the 
native population. The Company have recently announced 
that an agreement was signed on the 2i8t of May by the 
Viceroy of the province of Fookien, charged with full powers 
by the Minister for Foreign Affairs in Pekin. 

The conditions under which the settlement of the diffi- 
culties has been made are, we believe, to the following 
effedt : — The Company have undertaken to properly con- 
struct for the Government an overland telegraph between 
Foochow and Amoy, and to commence the work not later 
than the 15th of August next. The Chinese authorities 
have agreed to pay the Company 154,500 dollars, in instal- 
ments at fixed periods. The Company is to work the line 
on account of the Chinese Government, and teach Chinese 
pupils the art of telegraphy. The Government guarantees 
to protetft the material required for the eredion of the line, 
and hold themselves responsible for any delay occasioned 
through the unlawful interference of the inhabitants or 
others. 



ON QUADRUPLEX TELEGRAPHY, 

We are indebted to Professor Zetzsche for a paper on the 
subjea of "Quadruplex Telegraphy." In it Professor 
Zetzsche quotes, from a work of his published in 1865 
(" On Copying Telegraphs, &c."), by way of showing that 
the possibility of such telegraphing has been for some time 
in contemplation in Germany, an objed both of theo- 
retical inquiry and pradlical experiments. Of this the 
Americans seem not to have been aware. 

Referring to Dr. Nicholson's method, he remarks that 
the three different strengths of current employed are In 
the same relation to each other as in M. Maron*s system, 
only that the latter experimenter employs the current 
strengths -t-S, -S, and -3S. M. Maron also uses only 
one relay, but with three permanent magnetic armatures^ 
•* CharaAeristically new, on the other hand," he pro- 
ceeds, ** is the way in which Prescott and Edison produce 
the three requisite strengths of current, inasmuch as they 
give to the line the constant current (Ruhestrom) +S,and 
use, in telegraphing, - S, +2S, and - 2S. Of the key and 
I battery arrangement for Uiis, ixnfortanateIy> F. W. Jones 



The Telegraph in Senegal. 
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sketched in the anneied figure 
fealy. In the slate of rcBl of both IteyB, T, and Ti, the 
copper pole of hallery B, is in metallic conneflion, through 
the wotting contafl, 6, and the rest contaa, 3, of the 
double kiy, T„ with the Itey-axis, z, and through the wire, 
r, with the angle-point, r, of the WheaHtone bridge, 
in whose diagonal,/ q, the two relays, Ri and R„ arc in~ 
leited ; while the end-points, p and q, of the diagonal, are 
conneded, on the one hand, wi'h the line L, and on tht 
other, through the rheostat, W, and wir«, n, with Iht 




earth. The zinc pole of this batteryi again, is conneAed, 
through/and A, with the ten concafi, g, of the key Ti, 
with the key^axis, 8, and through the wire, d, with the 
wotking contaiS, i, and the rest conlafl, 4, the key-axis, 5, 
and through the wire, v, with the earth, E. Both keys are 
fuTnished with con tad- springs in such a way that the key- 
Icver, immediately after the one spring has left the rest 
contafl, is brought into connexion, through the other 
contadl-Bpring, with the wotking contad, and vice vena. 
If, now, the lever of the key, Ti, be pressed down, there 
will be introduced, besides B„ the battery portion, Bj. 
through n, the rest contafl, 7, and the axis, 8. At the 
other station, therefore, Ri will answer to the increased 
positive current, while the tongue of Ri will still remain in 
the position of rest. If, on the other hand, T, remain at 
rest, and T, goes into the working position, the copper 
pole of B, is conncdled through c, 6, 5, and v to earth, E ; 
the zinc pole through /, ft, 9, 8, d, i, 3, x, and r, to the 
line L ; whereupon, at the other station, both relays, Ri and 
R], are actuated by the increased negative current, to indi- 
cate the signals given by both keys, T, and Tj. 

Such an arrangement has a not unimportant advantage 
over the older ones, in that only two relays are necessary 
for the receiving apparatus. Along with this advantage, 
however, the arrangement has two drawbacks. For, al 
the transmitting station, there occurs, at each movement 
of the key, during the suspense, an interruption (though 
ever so small) of the line, %iviag reason to fear a rupture 
of ihe signals ; at the receiving station, on the other hand, 
when the key, Tj, is held down, and the leverofT, moved 
up and down, the relay, Rj, may not liberate its armature, 
although the current changes its sign. Unfortunately 
these two defefls are of aucli a kind as (it is to be (eared) 
to forbid the pra£iical employment of this arrangement, 
which is the more regrettable, that the advantage of (he 
method might warrant the hope that it constituted a fur- 
ther step towards the successful realisation of quadruples 
telegraphy. The value of such a mode of conncftion, how- 
ever, I regard as consisting, not so much in its making 
possible the simultaneous sending of four telegrams on one 



wire, as in Ihe fi& that through it a perfeQ solution of the 
problem of duplex telegraphing and of transmitting two 
messages in the same direction at once is afforded ; 
inasmuch as, to each receiving telegraphist is furnished 
also a key for interruption, and to every transmitting one a 
receiving apparatus, witii which he may be cut off from 
the station working with him." 
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THE TELEGRAPH IN SENEGAL. 

The Senegal service comprises three lines— the first 
going from St. Louis to Dakar, the second from St- Louis 
to Dagana, and the third from St. Louis to Ihe Bar 
(Mouth of the Senegal). 

Dakar Line. — This line is the most important : it is 
IZ6 miles in length ; its diieaion is from N. to S-W. ; it 
is construfled with a single wire of 3 m.m. It connedt 
six offices — St. Louis, Gandiole, BeCdte, Mbidjem, Ru- 
lisque, and Dakar. The region it traverses is for the moil 
part uncultivated, without any road, intersected by large 
and deep morasses, slightly undulating, with impene- 
trable thickets of palms and bushes of different kiadi 
scattered over it. From Gandiole to Mbidjem tne country 
is no longer under the dominion of the French: it was 
given back in 187a to a native chief, on the sole condition 
that he would rcspeA the telegraph line and the station 
of Betite, placed in the heart of bis territory. The staff 
employed at each of the stations is as follows -. — At St. 
Louis, the diredlor of the service, an employe of the Rflli 
class on the metropolitan list, a native assistant, a super- 
numerary, a superintending chief, and two native super- 
intendents ; at Gandiole, a militaly employe and two 
superintendents ; at Betete, a military employe and two 
superintendents ; at Mbidjem, a military employe aud 
two superintendents ; at Rulisque, a military employi and 
one superintendent; at Dakar, an employe of the (barth 
class on the metropolitan list, a head of the oEBce, a mili- 
tary employe, a supernumerary, and two superintendents : 
total, 2] employe!. 

Dagana Line. — This unites with St. Louis by an impor- 
tant station in a commercial point of view, placed on the 
River Senegal : its length is 77 miles, and its diredion 
from W. to N-E. This line serves four offices :— St. Louis, 
Lampsar, Richard-Toll, and Dagana. The office at 
Lampsat is closed for the time being. The country Ira- 
versed by this line is under French rule ; it is often inun- 
dated during the winter season by the swelling of the 
river. At Lampsar resides a superintendent ; at Richard- 
Toll, a civil employe and a superinlendei t ; at Dagana, a 

y'i\ employi and two superintendents : total, 6 employet. 

The Bar Line.— Tht length is nearly seven milet. 

traverses a region interse^fled by morasses, and by the 
tributaries of the river; its diredion is from N. to S. It 
to St. Louis the pi lot- station placed at the mouth 
of^he^Sen^gal. A civUem^/oj'e has charge of the office. 



_'".^TheBe nine officesaresuppliedwrth the following 
Stan:— A head clerk from the Metropolitan Administra- 
tion, direflor of the service (M. de Chauvillerain) ; two 
iployes Sxota Ihe Metropolitan Administration, one of 
nom is at Si. Louis (M. Sainie-MariE Pricot), and the 
her at Dakar (M. Flusin) ; four employii of the fifth 
class, natives ; seven military employes ; a chief superin- 
tendent, and fifteen native superintendents. The native 
ifloyis are recruited by means of examinations- The 
ilitary employes jare put, by the marine infantry, at the 
disposal of the telegraphic service; they receive instruc- 
tion at St. Louis and Dakar, and they arcthen sent to the 
interior stations. The native superintendents form a very 
good staff, many of them having been in Ihe service linca 
its organisation, twelve years ago : they are well up ia 
their duties, thoroughly disciplined, and capable of bearing 
the fatiguei and privations of a jooioey on foot in thw 
unhultfay climate. 
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Interior Service. — The offices are open every day from 
7 to 10 o'clock in the morning, and from 2 to 6 o'clock in 
the evening. The offices at Lampsar and Richard-Toll 
were closed in 1873. 

Tarijfs, — Between any two stations 2 francs for twenty 
words ; 0*50 fr. more for each fradkion of five words. Be- 
tween St. Louis and La Barre, 0*50 fr. for ten words; 
0*05 fr. for each additional word. 

Francs. 
The amount received for private despatches 

amounts to 9t925'85 

The transmission of official despatches cor- 
responds to a sum oT 13, 492*00 ' 



Total 23,417-85 

The total number of messages transmitted during 1873 
was 8531. 

The stations of Gandiole, Betcte, and Mbidjem, being 
distant from any centre inhabited by Europeans, have 
only very few messages. 

Surveillance of the Line. — This service is very trying, 
especially during the winter season : the torrents of rain 
and the violent tempests overthrow the poles and break 
the insulators. Notwithstanding these difficulties, only 
three days* interruption have taken place during the year. 
The materials, including the poles, are carried on the 
backs of mules. Nearly all the disarrangements are 
caused by the fall of the poles, which the sandy soil will 
not retain firmly : there is no stone in the interior of the 
country to consolidate them, and the wooden traverses are 
socn rotted or nibbled by the Termites ; fortunately, how- 
ever, they do not attack the injeded poles. Many poles 
are also destroyed by the fire which the natives set to the 
rank grass to clear their fields. The thunderstorms, not- 
withstanding their great ele^rical intensity, lead to no 
durable perturbation over the lines and in the apparatus. 
As to the disarrangements caused by malevolence, these 
are excessively rare. The blacks, very superstitious, fear 
to touch the line ; they believe generally that it serves 
only to indicate to Europeans the road to follow in going 
from Dakar to St. Louis. 



MR. C. E. SPAGNOLETTPS NEW RAILWAY 
ELECTRIC SIGNAL. 



By the adoption of Mr. Spagnoletti's eledlric sigpal, the 
labour and danger attending the present syetems of sig- 
nalling would seem to be reduced to a minimum. It com- 



beyond a limited distance with safety, and a very lofty 
post has often to be ereded, on high ground, on curves, 
and in cuttings, so that drivers may get a good view of it ; 
such posts are, in heavy gales, frequently blown down, 
and should they fall across the line, the traffic is thereby 
endangered ; they are also expensive, and their cost is 
added to by their having to be ** stayed ;" moreover, their 
lamps are at a great height and are consequently incon- 
venient to light. With this eledrical signal, distance is 
no objed, as it can be worked equally well at 100 miles 
as at 100 yards, therefore a shorter and less expensive 
post answers the purpose, and is more convenient, as it 
can be placed in any position, and at any distance 
required. The signal arm can be worked either by a man 
or by a ** treadle ;" in the latter case, the train itself puts 
it up and takes it down. 

In cases where these signals are placed out of the sight 
of the men who work them, it is arranged that the signal 
arm shall indicate to the man who works it, on a small 
instrument fixed in his hut, its position, whether it is at 
" danger," " all right,*' or in an intermediate position. 

The patent mercurial lamp indicator is also associated 
with this signal, and acquaints the signalman whether 
the light is burning or not. This instrument is so sensi- 
tive in its adtion, that the warm air in the lamp is suffi- 
cient to work it ; the alternate adtions are far more rapid 
than in those systems where the metal is made very hot by 
the diredl adkion of the flame, and which require a longer 
time to cool, and consequently a longer interval to give 
an indication whether the light is " in or out,^' 

It can be so arranged, with this eledlrical system, that 
a point or switch cannot possibly be opened unless the 
signal protedling the same is put to *' danger," or any 
other signals necessary to protedt the points or switches 
to be worked are brought into adtion. At jundlions 
where two, three, or more lines converge into one, the 
admission of a train from one line by taking down the 
signal puts the signals controlling the trains on all the 
other lines to *' danger," and "treadles" may be used at 
jundlions, so that any train itself may perform this work. 
On the Metropolitan railways, or similar lines, signal- 
men may be dispensed with, and " treadles " used in their 
stead ; the signalmen could then be otherwise employed. 
On such lines the modus operandi would be as follows : — 
Let A, B, and C represent three stations. On a train 
leaving A it passes over a " treadle " which puts the 
signal to " danger " to protedt it, and a bell is also rung 
at B as a signal of its approach ; on arriving at B it there 
puts a signal up, takes the signal down at A, and rings a 
bell at C, and so on throughout its journey. On main 
lines of railway it is often necessary (owing to stations 
being far apart) to ered intermediate signal huts with the 
usual system of signals, and extra men have to be 



bines the present system of signals and block telegraph, 

and includes a locking arrangement of signals and points, employed. With this system a " treadle " and signal for 



together with a notice call to drivers on their approaching 
a signal. At present the best system of block telegraph 
only conveys a signal on a small and delicately contrived 
instrument from one signalman to another, who in turn 
repeats it by means of fixed signals to the drivers of 
trains ; but the signals themselves are worked from one 
station to another by this eledrical apparatus ; thus 
•nabling drivers, signalmen, and other employes to at 
once see the signals transmitted from the station in 
advance, and thereby preventing the possibility of any 
misunderstandings or errors — which may be occasioned 
in their transmission, either through negligence or forget- 
fulness. The advantages are — ist. Immunity from danger, 
inconvenience, and delay, should the signal wire break on 
account of frost, overstraining, or other kindred causes. 



aiw^uuni. ui irosc, oversirainuig, or oiner K.narea causes. ** »•"«* <*usuiui.c uiuu& is wui^kcu uy tum cicc^iiwAt aij^na 
2nd. Thepreventionofthe present uncertainty in the work- as above arranged, either by a signalman or a " treadle, 



the up and down lines is all that is required, and the 
expense of building a hut and the employment of extra 
men is obviated. In order to check the working of such 
intermediate signals, a bell can be rung on the passing of 
a train from the station in the rear to the station in 
advance, so that the signalman may have notice of a 
train's approach, and when the train passes over the 
intermediate '* treadle " and puts the signal up, it sends 
to the signalman at the station in advance an indication 
of its position on a repeating instrument fixed in his hut, 
and on its arrival also shows him when the signal is 
taken down. Such an arrangement places this inter- 
mediate signal simply in the position of a present distant 
signal out of sight. 
If the absolute block is worked by this eledrical signal, 



ing of signals from contradtion or expansion owing to varia 
tion of temperature. 3rd. Greater protedion to life and 
property from errors or forgetfulness of signalmen. 4th. 
The means of placing signals in any position required, 
thus ensoring the driver a long and good sight of them. 
With tbe present lystem, a gignal cannot be worked 



one signal for each line at a station will be sufficient in 
lieu of the present six, viz. : — The two distant, two home, 
and two starting signals. The signal, when worked, requires 
no effort of strength, and for the present expensive frame of 
levers is substituted a miniature and inexpiensive arrange- 
ment. 
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NOTES, 



The New York Jonrnal of the Telegraph reproduces from 
the New York Tribune an account of an eledrical ma- 
chine that reads notes and plays an organ with absolute 
corredness of time and touch, the only assistance given 
it by the operator being to feed in the end of a roll of 
music and start the machinery in motion. The score is 
written on a long roll of stout paper by cutting holes 
through it in the form of squares, or parallelograms. The 
reading instrument, which is about as large as a sewing- 
machine, is provided with a multitude of small brass 
fingers, each of which is conneded by a wire with the 
pipe of the organ which it operates. The roll of music 
is fed in over a brass tube. When the fingers rest on the 
paper no eledric current is transmitted, because paper is 
a non-condudlor ; but whenever they fall into the holes 
cut in it they touch the brass below, the current is trans- 
mitted, and the sound produced. The length of the note 
is governed by the length of the slit in the paper. A 
noiseless bellows-machine, run by wind condudled through 
a pipe from the organ, works the feeding apparatus. To 
aid in producing orchestral effedls, drums, cymbals, bells, 
&c., are added to the ordinary pipe-organ, and operated by 
eledlricity in the same manner as the pipes. A greatly 
increased volume of sound and much richer harmonic 
combinations can be made by this instrument than it is 
possible for a single performer to produce tipon an organ, 
in consequence of the fadt that the performer has only his 
ten fingers, while the eledrical machine has two hundred, 
and can strike as many notes at once as desired. All the 
notes on the organ that can be combined into a chord can 
be brought out together. On the evening of the loth of 
June, at the Horticultural Hall, the overtures to 
** Semiramide '* and " William Tell " were performed 
with pleasing effedl. As the reading instrument is me- 
chanically accurate, and the score corredlly written, there 
were of course no false notes. It was obviously machine 
music, however, but machine music of the highest order, 
and might have been mistaken for the performance of a 
well-drilled but rather spiritless orchestra. The inven- 
tors, Messrs. Schmoele, hope soon to apply their device 
to a piano. 



Rear-Admiral B. F. Sands, the Superintendent' of the 
United States Naval Observatory, reports that a time-ball 
has been dropped on the roof of the Observatory daily at 
noon, and time-signals are distributed by the Western 
Union Telegraph Lines to a large part of the country at 
the same instant. By an arrangement with the Western 
Union Telegraph Company, the Mutual Life Insurance 
Company, of New York city, receive the time dired from 
the Observatory, and a ball will be dropped at noon from 
a staff ereAed upon the top of the building belonging to 
the Insurance Company, at an elevation to be seen from 
all partA ef the city and harbour, by which the time of the 
city and shipping can be accurately regulated. 

The Italian Government has contraded with the firm of 
Erlanger and Co. for the laying down and maintenance 



of a submarine cable from the continent near Orbetello 
to the island of Sardinia. 

Mr. Geo. F. Milliken, manager of the Boston office of 
the Western Union Telegraph Company, writes as follows 
in reference to battery covers : — *' I have now in the bat- 
tery room a few cells without oil, with wooden covers- 
one with zinc, one tin. The metallic covers are made 
with a rim i inch wide, fitting the cell, but not too 
closely. The openings for the wires and the space round 
the rim are filled with paraffin and tallow. They were 
set up May 7th for use in local circuits, and now 
(June 24th), without a drop of water added to them, there 
is no sign of diminution, and all are clean and neat as at 
first. The wooden coverings were put on May 19th, and 
the cells look well. These covers can be made for less 
than the cost of oil, and are permanent." 

Mr. John Pender, M.P., stated — at the meeting of the 
Eastern Telegraph Company — that the Suez and Aden 
sedlion of the Company's cable has improved in insulation 
by no less than 38 per cent, and the other cables of the 
Company from 45 to 77 per cent. The cables longest 
laid have improved the most. All these cables have been 
laid by the Telegraph Construdion Company. 

The International Telegraph Conference at St. Peters- 
burg was closed on Tuesday, the 20th inst. The Presi- 
dent delivered a farewell address, in which he enumerated 
the results of the deliberations. 



In 1872, when the telegraph wires were first extended 
to Lord's Cricket-Ground, the four principal matches of 
the year produced among them upwards of 800 telegrams, 
while in the year following the number rose to upwards of 
1 100. In 1874, when all of the matches were of excep- 
tional interest, the number rose to 1300 ; but this year the 
increase has been beyond all precedent, as niany as 1700 
messages having been disposed of in connection with the 
three principal matches which have been played during 
the past fortnight. The Oxford and Cambridge Match 
having been prolonged over three days this year prodaced 
a total of 800 messages, as compared with less than 400 
last year; while the Eton and Harrow Match prodnced 
upwards of 700, and, but for the adverse weather, 
must have yielded quite 1000. On the condndiag 
day of the match, upwards of 500 messages were 
handed in for transmission at the travelling tele- 
graph office, and on both days of the match as manj 
as three columns of news for the press were disposed oC 
in this curious post-office on wheels. The Telegnpb 
Department has a very keen eye for business 00 such oc- 
casions, for, says the Times, messengers were stationed at 
convenient points within the grounds to colled telegiUBS 
from the public and run with them to the teleg^raph offoe ; 
While the peculiar circumstances of the occasion had bees 
80 far considered that dwarf counters had been eied^ 
around the office for the use of persons wishing to wnli 
telegrams, but not tall enough to reach the ordhitfy 
counter. 



Post-Oppice Tblboraphs.— Statement lAowiag Hi 
total sumber of messages forwitfded itwk JPMalTA 
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graph Stations in the United Kingdom during the wetk 
ended the loth July. 1S7J, and during the corresponding 
wctk of 1S74:— 1875. 4^5.136; 1874. 397.133; increase 
in the week of 1S75 on (hat of 1S74, 27,81^8. Week ended 
the I7lh July, 1375, and corresponding week of 187+:— 
1875, 445,294; 1874, 410.351; increase in the week of 
1875 on ihal of 1874, 34.943. 
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CORRESPONDENCE. 



To tilt Editor of the EUctrkal Newt. 
—In the report of the pioceedings of the Physical 
;ty contained in your valuable paper (Electrical 
S, vol. i., p. 8), I read an account of Dr. Stoned 
nunicalion " On Suhjeflive Senaaiions of Tasic," in 
which, after saliafying himself that no zinc is dissolved by 
the saliva in the produ^ion of the " galvanic taste," the 
author stales that, " it could hardly bo referred to 
chemical adiion, but must result from direA stimulation 
of the sensalory apparatus," &i:. I beg to refer thai 
gentleman to my paper in the CompUs Rendus of Ihc 
Paris Academy for Nov. 9, 1S74, p. 1072, entitled " Aflion 
du courant clefliique sur leg organes des Seng," in which 
he will find that his conclusions have been anticipated. — 



1 the red 






I. &c.. 



n.Julx.i..87j. 



T. L. PiiiPsoH, Ph.D. 



ELECTRICAL SCIENCE IN FOREIGN 
JOURNALS. 

(This eoldiBB ti dtroted to ■ Uit el EltAricil Memoiri pub- 
liihtd io Fpniin jaurnUi. ThaiE of imporunce »iJI be eilbct 

CompUi Rtndtii Htbdoncdains det Stances dt VAcadtmir 
dts Seitncti. Vol. Ixxxi., No. 2, July 12, 1S75. 
Magneto -Chemical Phenomena Produced within 
Rarefied Oases in OeisBler's Tubes, by Aid of 
Induced Currents. — J. Chauiard. — I have previously 
presented two notes to the Academy ol Sciences, whose 
objefia were — (i) to specify the experimental conditions 
under which the operator should place himself to safely 
realise the modifications produced by the magnets upon 
the Bpeflra of Geiaslet's tubes ; (j) to point out the 
principal conclusions to which my researches led me. In 
all simple bodies which I have examined of the chlorine 
family and the gaseous or volatile compounds derived 
therefrom, the aSion of the magnet is immediate, and 
reveals itself, not only by a change of the tube's tint, but 
chiefly by a more complete illumination of the streaks 
which then appear with a marvellous brilliancy. The 
wave-lengths of each of these streaks have been measured 
with care, and will be embodied in another paper. The 
bodies upon which I experimented were, besides chlorine — 
bromine and iodine ; the chloride, bromide, and fluoride 
of lilicium; tha fluoride of boron; chloihydric acid; 
chloride of antimony, of biamuth; the bichloride of 
mercuiy; the piolochloride of tin and its bichloride. 
The light from sulphur and selenium was in a moment 
completely extinguished when the magnet was excited, 
snd so It was with the tubes of chlonne, bromine, and 
Iodine, if the strength of the coil was suitable. The 
Ugbt of oxygen, though pale, underwent, neverthalesi, 



bic.irbonaled hydrogen. The fine bands 
from nitrogen only underivent modilicatio 
and orange portion. These colours were almost com- 
pletely extinguished ; or, at all events, were replaced by 
a tolerably uniform dull tint from which all trace of 
fluting had disappeared. As to the bands in the most 
refrangible part, they remained almost in t aft. The 
hydrogen rays preserve sensibly the same appearance; 
although by using a sufficiently energetic eledlto-magnet, 
a very brilliant yellow ray is seen, which is no other than 
that of sodium, and which evidently appears from the 
soda in the glass. The gas thrown upon the sides of the 
tube may perhaps either volatilise or reduce a small 

Siiantity of soda, whose presence betrays itself through 
le charadteriatic yellow lin "' * 
by enchantment, when the 
appears immediately the cun 
this yellow line loses its intensity, .ind the tube requites 
several moments rest to permit it 10 reappear. It shows 
itself sometimes in nitrogen, carbonic acid, and chlorhydric 
acid tubes, submitted to the magnetic adlion. Crystal- 
lised and dry, but bihydrated, protochloride of tin offers 
one of the most remarkable phenomena of dissociation 

speiflrum is pale, and presents some of the green lines of 
chlorine ; but immediately the magnet is excited, two of 
the charadleristic lines of hydrogen are seen depiifled — 
the red and the blue— which remain so long as the 
magnetisation lasts, and which ceasea directly it is dis- 
continued, and so on indefinitely. I can only interpret 
this phenomena by the momentary separation of the 
elements of the water of the salt on account of the con- 
siderable resistance opposed to the current's passage 
during the period of magnetisation. 

On the Temporary Magnetisation of Steel. — 
H. Bouty. — I introduced needles into the magnetising 
helix during the current's passage, and I deduced the 
value of their temporary magnetic moment according to 
Wiedemann's method, from the defledlion they produced 
upon a horizontal needle suspended from a cocoon 
thread, and furnished with a mirror. When the needles 
have all the same length, and when the length ia suffi- 
ciently great with regard Io their diameter, the deter- 
mination of the magnetic moment may replace that of 
the quantity of magnetism. There are strong reasons 
for concluding thst the distance of the poles fio.n the 
extremities, in long needles, during temporary magnetisa- 
tion, is independent of the current's strength, and that 
which permanently saturated 



needles preser 
hypothesis is 
could not be 

been able to ai 



The experimental verification of this 
rrounded with grave difficulties which 
Tipletely dispersed in the unfavourable 
ich I was placed; but I have at least 
re myself that the difference from the 
poles to the extremities during temporary magnetisation 
differs but little from its theoretic value, so that the 
results need not be altered. Let y be the temporary 
magnetic moment developed in a needle / long, by an 
exterior magnetic force x, aiting in the direflion of its 
axig : let also I be the double distance of a pole to the 
adjacent extremity. According to the preceding hypo- 
thesis we have y = K(l-il. whence we obtain at once, 
since i is known, the value of A, the quantity of 
magnetism. The quotient of A by the seilion is a 
funflion of the intensity x of the magnetic force, which 
we should call total magnetising function, to distinguish 
it from the function of permanent ma^nelism. The con- 
dufl of the total magnetising funflion is nearly that which 
iltradted attention in a former paper on the funttioo of 
- Whta I needle ii pliceil in tbs »!■ of ■ luScnntly lone 
-nagneliimg helii, it ii in » magotlic field of very uniibly contUDI 
nlcDtiiy. ^onfomiabK wilfa Urecn'i ca1:ulitioiu, tbe diitribuliaa 
if iBigneliim in ulnnled needtei ii that wbicta would be prodnced 

Ion* sAing in the dlraaini al Ilia □Mdle'* uli. Thea the diRucB 
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permanent magnetism, and (he curve which represents it. i 
shows a deflexion corresponding tii almost the same 
value of J, and the limits of rapid permanent ma^neliaa- 
tion agree also with the total magnetisation. Further, I 
and though neither one nor the other of the two funflions j 
of magnetism have been represented hy any simple 
empiric formula, their relation r is expressed in the case 
of our very hard tempered needles and the limits of the 
experiments, by a hyperbolic .'uniaion of jr— I 

which is applicable lo all needles of o'j m.m. to i-j m.m. 
diameter, and in which f is a constant that docs nut vary 
from one needle to the other, whilst the constant b seen^s 
united lo the least variations of temper. I hete cive this 
relation, though it be not general, because of the con- 
venience of its use in the study of temper. It docs not 
apply either lo very thin needles or lo sofl-lempered 
needles, but simply lo the special limits as above. 

Aniialcs Teligraph'iques, vol. ii.. May to June, 1S75. 

Hughes's Apparatus. — M. Caifl.— A paper of statistics 

advocating certain alterations for improving its speed of 

The Pneumatic Telegraph.^Charlea Bonlemps.— 
Will be referred to in a later number. 

Eletflric Standards and their Measure in Absolute 
Units— E. E. Blaviet.— Continuation of former papers 
on the same subjedl: ; and unsuited to our columns. 

Derivations of the Current along Elei^ric Lines. 
— Jules Raynaud. — A mathematical paper incapable ol 
abetraiaion. 

Induction Currents Produced on Telegraph 
Wires.— M. Lagarde.— Already translated, and will 
appear in full in a future number. 

Vibrations of Receiving Mirrors,— M. Wanschen- 
dorff. — AUo reserved for future translation. 

Eleiftro-magnet ot Concentric Iron Tubes.— M. J. 
Camacho. — This is a descriptive note taken from the 
Comptes Rendim of 8th February. 1875. For particulars 
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a paper by the Count du Moncel ■' On Tubular Eleflro- 
magneta with Multiple Cores." 

New Source of Eleiflricily. — M. Donato Tomasi 
says: — When a current of steam is made to traverse, 
under a pressure of 3 to 6 atmosphe 



cylin 



eedle placed 1 



jnd spirally a 



ingly magnetic t 



the 



magneti 

through the tufe. (Taken' from Comptes Rendi 
April 19, -1875.) la continuation of this M. Maument 
quotes the following observations :— The important ex- 

Eeriment of M. Dan a to Tomasi should, it seems to me, 
e interpreted by a very different consideration from thai 
of the author. Heat does not a&. So as to produce '• 3 
new source of magnetism." It produces a thermo- 
eledlric current, generating the observed magnetism, and 
is set up by the difference of temperatures between the 
interior surface of the copper spiral traversed by the 
Steam and the exterior surface exposed to the air. M. 
Tomasi ought to be able to reverse the current, and con- 
sequently the poles, by causing the heat to aft so as to 
warm the exterior surfaces, at the same time maintaining 
the interior surfaces colder. (Taken from Camples 
Rendus of May 3, 1875.) 

The Telegraph iit Cbiita. — Embodied in the article 
on page 41. 

The Tslegniph in Italy. 

The Conference at St. Peteraburg.— Address of the 
Minister of the Interior. 



The non-official part contains observations on the 
skull of Volta made by C. Lombroso, professor of the 
t)inic of mental maladies at the University of Pavia. He 
calculates that the brain must have weighed 1055 grms.. an 
amount exceeding that of.Cuvier (1829), of Byron {1807). 
little inferior to that of Cromwell, and eurpasaing the 
ordinary Italian average brain by 440 grms. 

Comparison of Eledlrical Machines. — 

Diim. Slrcnclhof Cufrtni 



I. Ramsden 097 ooooo72t 

X. Ramsden i'62 o'oooo373 

3. Ramsden with insulated 

cushions o gS 00000212 

4. VanMarum 0*84 0-0000311 

5. Nairne (cylinder) .. .. 031 o'ooodo6o 

6. Holtz,i9tkind(Kuhmkoiff) 055 o-oooiooo 

7. Double do o'55 o 000 1 goo 

B. Hohz, second kind (simple 

<;""enl) 0-30 00000511 

g. Cane, ebonite disk. . .. 050 0-0000333 

10. Armstrong — 0-0000533 

11. Indudlion machine .... — 0-0002889 

12. Holiz, second kind (double 

current 0-44 0-0001282 

13. Double, Poggendorff ., 0-4* 00001165 
The unity of elcflro-magnelic measurement is a little 
greater than that of Jacobi. 

The remaining articles are translations from the English. 

younial di Phyiiqac, June, 1875. 
Note on the Pressure of Eleflricity and on EleAric 

Energy.— M. B lav ier,— Hardly suited for abstraOion. 

On the Plow of Liquids.— M. Isam.—The author 
shows, by some experimenlB, that in the phenomenon of 
conlraiflion of a liquid vein, one cause is, superfidal 
tension afling like an elastic ring round the jet where it 
quits the vessel. In one experiment he varies the super' 
U tension by a^ion of eleftrolysis. A vein of mercoiy 
nade to flow through a narrow tube which is immersed 
icidulated water, connefled with one pole of a battery, 
lie the mercury is connefled with the other pole. 
With suitable pressure, the floiv being nil in Qonnal 
conditions, it appears either in drops, or with a limpid 
portion when the current passes so that the vein is posi- 
On breaking the circuit, the flow ceases, as if one 
had turned a cock. Again, if the liquid already flow with 
a limpid portion, this portion is suddenly elongated when 
the vein becomes positive. Lastly, if the vein be made 
negative, the phenomena are reversed, so that the limpid 
portion contrafla successively, in the passage from + to 
zero, and from zero to — ; and we may have continuous 
flow when the vein is positive, flow hy drops when it is 
in a neutral state, and complete cessation of flow when it 
becomes negative. These phenomena show that the 
positive mercury, i.t., oxidised superficially, has a weaker 
superficial tension, and thai this tension returns to its 
normal value when the mercury is deoxidised. M. Isani 
has noticed the same thing in the sinking and rise of 
an areometer plunged in mercury, when the surface of the 
latter, covered with a layer of acidulated water, is made 
successively positive and negative by the passage of ■ 

On the Hughes' EleAro-rnagnet, and some of its 
Applications.— M. Lartiguc—Will ^pear in a fotdR 
number. 



Electrical News,) 
July 22, 1875. i 
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Poggendorjfs Annalen der Physik und der ChimUt 

No. 5, 1875. 

Mode of Demonstrating the Extra Current 
Ble(5troscopically. — Dr. Fuchs. 

£le(5tric Resistance of the Air. — M. Oberbeck. — 
Reserved for separate note. 

Changes of Temperature which Occur in Passage 
of the £le<5tric Current from one Metal to Another. 
— M. Buff. — Reserved. 

Isodynamic Surfaces about a Vertical Magnetic 
Bar, and Application of them in the Search, based 
on Magnetic Measurements, for Deposits of Iron 
Ore. — M. Thalen. — Already noticed elsewhere. 

Form of the Isodynamic Surfaces about a 
Vertical Magnetic Bar. — M. Daug. 

Attra<5tion and Separation- Time of the £le<5tro- 
magnet. — Dr. Schneebeli. — The author's resume is as 
follows: — (i) The branches in telegraph lines not only 
diminish the strength of the current which reaches the 
other station, but also delay the manipulation of the 
receiving apparatus ; (2) these delays are produced by 
extra currents ; (3) in bad weather the delays arise from 
diminution of the resistance which the extra current 
has to overcome ; (4) the branches are the more pre- 
judicial to telegraphy, the less resistance they present, 
and the nearer they are to the receiving apparatus ; (5) 
the extra current not only delays the attradion of the 
armature, but also the moment at which the armature 
is lifted by the spring. 

Mathematical Determination of the Places of 
Leakage on Telegraph Lines. — M. Schaak. 



Sittungsberichtc der Kaiserl. Akademie der Wissen- 
scha/UUf Bd. Ixx., Heft 4 and 5. 

Laws of the Magnetic and Ele(5tric Forces in 
Magnetic and Diele(5lric Media, and their Relation 
to the Theory of Light. — M. Stefan. — Reserved for 
separate n^te. 



The journal of the Telegraphy Vol. viii., No. 11, June i, 

1875. 
The Quadruplex Patent Case. 

No. 12, June 15, 1875. 

£le(5tro-Magnefishi and £le<5tro-Magnetic Induc- 
tion. 

Mechanical and Eledrical Tests of American Iron ' 
AVire. — George B. Prescott. — A summary of the results 
of a series of tests upon four samples of galvanised wire, 
the sizes being among those commonly used in telegraphic 
communication. 

Mechanical. Ele(flrical. 
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The above results seem to point to one very interesting, 
as well as important, facfl, viz., the close relation existing 
between the tensile strength and the eledtrical resistance 
of iron wire. It will be observed that the first three sam- 
ples tested are of nearly the same gauge or weight per I 
mile, the size being that usually designated as No. g|. { 



The tensile strength, or breaking strain, of the third sample 
is some 50 per cent greater than that of the first two, while 
its special eledrical resistance is also comparatively very 
high. The proportionate tensile strength of the last two 
samples is very nearly equal, and so also is their propor- 
tionate conductivity, as compared with pure copper, as 
shown in the sixth column of the table. There seems to 
be no apparent relation existing between the condudivity 
or tensile strength of the several wires, and the percentage 
of elongation, or the number of twists that a given length 
will sustain before breaking. The high condudivity of the 
first two samples is very remarkable. The conductivity 
of iron is generally assumed by the best authorities to be 
one-seventh that of pure copper, or about the same as that 
of the third sample, but it will be observed that the first 
two samples have a conductivity averaging nearly 22 per 
cent that of pure copper. Thus, the first samples (No. gj), 
weighing but 282*8 lbs. per mile, actually has as much con- 
ducting power, mile for mile, as the fourth sample (No. 8), 
weighing 378*1 lbs. per mile. 

No. 13, July I, 1875. 

The Gold and Stock Telegraph Company's Private 
Line System— Gray's Printing Instrument.— In 1871, 
the Gold and Stock Telegraph Company decided to pur- 
chase or control all the most valuable patents for printing 
instruments adapted to private lines. By ereCting a 
sufficient number of lines to meet the probable require- 
ments of the business, the Company were able to connect 
any required points within the range of their field of opera- 
tions. Thus they could supply at short notice a complete 
telegraph line, and, by means of a trained corps of efificient 
employes^ they could assume the entire charge of it at a 
moderate rental. One of the most extensively used in- 
struments for private lines throughout the United States 
is Gray's automatic printer, of which an illustrated de- 
scription is here given. 

The Line Galvanometer.— The Voltameter. — An 
illustrated description of these instruments. 

The Sixth Cincinnati Exposition.— This Exposition 
will open to the public on Wednesday, September 8th, and 
continue until Saturday, October gih. This year the 
managers have decided to form a distinct class of the 
electrical and telegraphic apparatus and supplies, and offer 
no less than thirty-five premiums to exhibitors of this class 
of machinery. The following is the list-: — 

Gold Medal. — Best System for Simultaneous Transmis- 
sion of Two or more Messages over Same Wire (in opera- 
Uon). For Automatic Telegraphy (in operation). For 
Fire Alarm Telegraphy (in operation). 

Silver Medal. — Best System for Private Line Telegraph 
(in operation). For Transmission of Musical Sound's by 
Electricity. For Automatic Fire Alarm Telegraph fin 
operation). For Telegraphic Railway Signal. For Adapta- 
tion of the Telegraph to Domestic Use. Best Fire Alaria 
Signal-Box. Display of Instruments and Supplies. In- 
strument for Quotations. EleCtric Engine, Motor for Light 
Work. Telegraph Set (Key, Sounder, and Relay). Elec- 
tric Magnetic Motor. Magnetic Watchman's Clock. 
Printing Instrument for Private Line. Dial Instrument 
for Private Line. 

Bronze Medal. — Best Galvanometer. Telegraph Bat- 
tery. Electric Light. EleCtric Hotel Annunciator. Box 
Relay, Key attached. Pocket Relay Magnet. Morse 
Register. Single Cut-Out. Switch for from Four to 
Twenty Wires. Coil Wire. Sample Office and Magnet 
Wire. Submarine Cable. Air Cable. Amateur Instru- 
ment Insulator. EleCtric Gas-Lighting Apparatus. Bur- 
glar Alarm. EleCtric Clock. 



The traffic receipts of the Anglo-American Telegraph 
Company on the 13th inst. were £1420, on the 14th ;f 1450, 
on the 15th ;f 1430, on the i6th £1420, on the 17th £1460, 
on the i8ih ;f32o, on the igih Xi2go, on the 20ih £1330 
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COMMERCIAL NOTES. f "^ iwociation of the compuj brpanJne ax the word 

" pionded " and eodiog wiili the wurdc " paid np." The 

' reulnlioD wu lecaaici.hj Mr. GrenieU. A short dil- 
A %fLCl»l. mcctio^ <il the ^Vcclcrn aad Bru:iiill TelC' cniiioD eniaed, ia the conrie of wbtch it was itatcd that 
graf)< C^i^paoj' wiiJ be held to dkjituw (Friday j for ibe tbecapita]ofihccompaiiy«-ai/'z5a/3o(), and that ^zS6,ooa 
purp(<i« <>1' auti.'jri*iag tte laitiog of additional capital wat inrntcd in works aad sleanuhipi. To meet the inlc- 
VO iLe aiMHiot of f^.vxt. The traffic recipia foi the rctl, Ac., on the extra capital Ur. Hooper would relioqaiih 
l^« DMiotk) ended June 3'> have amoualcd to about bii share profiisforihe next fire shears, which averaged 
£3I/juo, and would juUify the payment of ibe osiul £xja^i per an nam for the past fi ye yean, hat 



Oividrad, but the Duc&qis have, upon the Audi 

nc<ia>m«Ddatioa ia the last aaaual rcporl, 

Mieiatioo <if the cost of the tepairiog ihi 

uapaiil, JtC-, pasted the quarter'* revenue lo a reserve 

•Mount. 

A (eaeral mtetiag of the members of the Society da 
Cable TrsDwitlamique fran^aii, Li — '--■■ -" '--'--" — 
Angnsl 5 for the purpose of rcceiv 

liquidatioct, showing Ibe maaoer in wnicn idc winaiag- 
DP has bten conducted, and Ibe propcny of the Company 



disposed of. 

The Eabt Indian Telegraph Company announce that 
the bonds filling due oa August lo will be piid oH at the 
Uank of England, at provided for on each bond, aad in 
order (o replace them the Board wilt shortly raise by 
tender £ifioo^ioo on 4I per ceat debeatures. 

At the half-yearly general meeting of the Telegraph 
Constniaion and Maintenance Company, Limited, held 
on Tuctdiy, at (he Cannon Street Holel, Sir Daniel 
Gooch (aid thai the work they had had in hand during the 
pfEscnt year had been very small. In ihe course of a few 
days, however, he hoped the Company would conclude a 
contra^ for a cable, t^So miles long, from Sydney, New 
South Walei, to New Zealand, and he trusted that foe . 
the rest of the year they would be well employed. They 
knew of no other work lik:: the one be bad mentioned 
cominic forward, but they were quite prepared to take 
work (l.ijuld it present ilielf. He did not think it was 
unforiunite, even for them, that thete should be a cessa- 
tion iat some time in the conslruSion of these long I 
cablet. He thought thit work had gone on now for some I 
time, and with a Tittle rest be hoped the existiag cabiep 
would remunerate their ihareholdeii better than they had 
In the past. 

I'be Timis of yesterday ttates that the capital stock 
(Consols) created in reipefl of money raised for the pur- 
chase of post office telegraphs, &c., amount! to £g,'jgo,sg9. 
The lum of /i93,7o6 wa* required to pay the inieresi on 
thai amount for the year 1874 1 but the year's surplus of 
receipts from the telegraphs was only ;£tog,ift, or 
;(;iS4.543 lest than the interest payable, and there was a 
previous deficiency of a like kind amounting to £iSS,6aT, 
■0 that the accumulated deficiency of telegraph revenue 

at the end of 1874- The deficiency was really largi^r, as 
(here are some telegraph charges borne by the Office of 
Wurks, or not yet exaflly ascertained. 

Wu announced in our last issue that the direiaors of 
Hooper's Telegraph Works had decided not to pay an. 
ad inli-rini dividend for the first half of the present year. 
Un Tuesday an extraordinary general meeting of Hooper's 
Telegraph Works Company was held, with the view of 
nllcring the reKuIationt of the company, to enable them 
to Increase their borrowing paweri. Mr. Duntop, the 
Chairman, said tbeabjedt of the meeting was to remove 
the reslciflion on harrowing in the articles of the associa- 
tion, and to enable the dire^ors to borrow ;£i5a,ooo on 
dabentures. He was authorised to state that Mr. Hooper 
would relinquish hit portion of tlie piolitE Tor five years if 
they consented to niter the regulations and raised the 
money proposed to carry out certain new contrads. Hie 
propoilion of the profits had heretofore avenged ^27,500 
a year, so that, after paying the inlEtest on the debentures, 
tht company would obtain a clear gain of f 17,000 a year 
by the arrangement. He moved a formal resolution to 
the nffvA that the regulations of the company be altered 
by ticlkini out the wordt in the 37th claute of the articleu 



hii sal ary as managing direaor. Under the original a^ 

. anil la coo- : meot with Mr. Hooper he was entitled to half profits over 

ip being Itill 7) per cent dividend on the capital, and no doubt it wat 

(o a reserve 1 very hberal ctMcestion on hit pan. Mr. Hooper said 

:ie wat the largest ■hareholder in the company. Their 

:ablcs were second to none, and the last two cables weie 

ited, will be held on the best cables ever laid. The resolution wat carried. 

of the The Chairman stated that be was sony they had oat an 

indiae- nlerim dividend to give the shirebolders for the balf.yeit 

ending the 30th of June last. He added that culeis the 

■hole of the ,£150,000 was raited Mr. Hooper would not 



!» bound t( 



np hit share of the profits. 
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Since the day when Eledlricity was first disco- 
vered, until now, its vast importance and its 
high destinies have grown upon the human 
mind. Fresh phases of its power, fresh results, 
new means of obtaining and governing its 
adlion, and multiplied ends to which it may be 
turned, have constantly discovered them- 
selves ; till to-day it stands out as one of the 
grandest subjeifls presented to the scientific and 
practical world for investigation and research. 
Perhaps, however, no other Science or Art 
has exhibited so extraordinary a concurrence 
of anomalies. It is at once the most ter- 
rible monster and the most humble and 
obedient servant , its adlion is at one moment 
beneficial, at the next destrudlive ; its range is 
boundless, yet it may be ** cabined, cribbed, 
confined " at ease ; it is everywhere present, 
while its nature is only imperfedlly understood ; 
and, to crown all, although it is one of the most im- 
portant agents in the adlion and the phenomena 
of the universe, and increasing knowledge of 
its applicability to the needs of our race is of 
the utmost importance, no diredl means of as- 
certaining the thoughts and discoveries of its 
students, or of bringing them before the scien- 
tific and mechanical community, at present 
exist. Attempts have been made to supply 
this want, and journals have been started 
with the professed obje(fl in view of making 
public all that is known or can be learnt 
of Eledlricity in all its branches. But they 
have degenerated into unscientific records of 
unimportant events, and the purpose for which 
they were established has been lost sight of. 
Thus it comes that — while Engineering, Che- 
mistry, and other Applied Sciences have all 
their representative recognised organs — ^the 
Eledlrician finds himself without any current 
journal from which he can learn the events 
which are daily occurring of peculiar interest 
to himself. 



Such a want has now been supplied by the 
establishment of the Electrical News and 
Telegraphic Reporter. In its columns will be 
found the most valuable opinions of eminent 
Eledlricians and scientific men all overtheworld. 
Articles will be contributed which will be of value 
not only to those who study Eledlricity as amateur 
experimentalists or scientific inquirers, but also 
to thoge whose daily life is bound up with the 
advancement of pradlical knowledge in all de- 
partments of the science, and who as elec- 
tricians, telegraphists, ele<5lrotypers, eledtro- 
platers, and chemists have continually to deal 
with the same marvellous agent of force in 
different ways. Nor will the doings of foreign 
societies be ignored as in times gone by, but, 
in the shape of carefully prepared abstradlSt 
their proceedings will be presented to our readers. 
Every opportunity will be given for the health- 
ful discussion of the science in all its branchei, 
and a fair unbiassed course will be steered in 
all questions of dispute. 

This, then, is our Programme in brief. More 
we could promise, but prefer to let the new 
periodical speak for itself. The subjedl with 
which it will deal is of too great importance to 
need one word of recommendation. Daily ex- 
perience teaches us that we are as yet on the 
threshold only of a vast expanse of ele<5hical 
knowledge. This has to be explored, and as 
the research gains in strength and intelligence 
the results will be far beyond all present con- 
ception. The feat of girdling the earth in 
forty minutes will be eclipsed by great deedf 
yet to be done, and if the establishment of 
the Electrical News and Telegraphic 
Reporter conduces to the hastening of this 
desirable end our objedl will have been gained* 
and we shall be fully rewarded. 

Boy Court, Ludgate Hill, London, E.G. 
yuly I St, 1875. 
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ON THE 

RUCTION OF WESTEND CHURCH 
BY LIGHTNING. 
By J. W. CLARK. 



SPIRE 



10 a heavy thunderstorm, on the 12th of June, the 
of Westend Church (about 5 miles out of South- 
n, and situated on elevated ground) was struck by 
ing, and being without a conductor a large portion 
hrown down, whilst the remainder of it was so 
;ed as to necessitate its subsequent removal.* 
ihape the spire was an odagonal pyramid, 58 feet 
with sides 8 or 10 feet wide at the base, and com- 
of brick covered with cement. The summit was 
-udted of four pieces of stone, each about i foot 
(vhich were cemented together to give additional 
;th. There was also an iron bar, f of an inch square 
bout 6 feet long, running down through their axis, 
>wer end of which was Rrmly imbedded in the first 
surmounting the brickwork of the spire, whilst the 
end similarly terminated in the top stone, where it 
:overed with 4 or 5 inches of stone and cement, 
spire stood on an uncemented white brick tower, 
t square and 46 feet high, so that the entire height 
the ground to the summit of the spire was 104 feet. 
: tower was situated at the south corner of the 
rn end of the church, and thus it was that the 
h escaped uninjured, with the exception of a few 
which were broken by the falling debris. On each 
r of this tower stood a stone pinnacle,, some 4 or 
: high, which had small stone ornaments fixed on the 
y means of an iron bolt (technically a dowl), and 
i\y imbedded in the masonry. -When the lightning 
k the summit of the spire it broke the stone covering 
)p or upper end of the iron bar, leaving 4 or 5 inches 
exposed, but it showed no appearance of fusion, nor 
the lead which had been used in fixing the bar into 
)p stone. It also stripped off all the cement covering 
op 5 or 6 feet down, and separated that joining the 
s together, so that they were kept from falling only 
e iron bar, which was firmly fixed in a large stone ; 
t was bent at an angle of about 45"* in a south- 
erly diredion. It was the side towards which it was 
led that the most damage had been done, both to 
i stones, to the tower, and to the spire itself. Fulty 
bird of the spire was knocked out, but the bell and 
sine floor of the belfry the lightning left apparently 
: untouched. From the spire it seems to have leapt 
> the pinnacle situated on the south-west comer of 
ower, breaking the stone ornament, and knocking it 
the comer of the tower upon which it stood to the 
nd, leaving the remainder severely cracked and 
en. 



Tliii HUGHES ELECTRO-MAGNET AND SOME 
OF ITS APPLICATIONS.* 



The pradical solution of certain problems requires the 
produaion, at a distance, of certain mechanical effeds, 
for which eledricity is at once marked out as suitable. 

But ordinary elearo-magnets are sometimes unsuitable. 
Except in very short circuits, with very strong batteries, 
they have comparatively small iorce; besides, they ad 
under very unfavourable conditions, for at the moment 
when they have to produce their greatest effed in order 
to give to their armature^the initial movement, this is in its 
most distant position. Now the magnetic adion, we 
know, diminishes with the distance, and that very quickly. 
Consequently the armature can only have a very limited 
course. To multiply the eifeds of these eledrp-magnets, 
they have been furnished with relays and local batteries, 
or mechanism more or less complex. 

Professor Hughes has employed for his printing 
telegraph an arrangement by which may be 
obtained diredly an adion of considerable energy. This 
magnet does not diredly develop a force, but it permits a 
force, held in reserve, stored up, to ad at a given moment 
with all its intensity. 

It is composed of a fixed horse-shoe magnet, the 
branches of which are prolonged by iron cylinders enclosed 
in bobbins. These cylindrical cores become the true poles 
of the magnet, and hold an armature in contad. 

If we pass through the bobbins a current of the diredion 
opposite to that which would produce a magnetism of 
the same species as that of the magnet, the latter is 
weakened ; it then lets go the armature under the adion of 
an antagonistic force (weight or spring), which may 
be utilised as motor. 

One can see that this force has no other limit than 
that of the attradive force of the magnet which may 
counterbalance it, so as to retain the armature. The latter 
force may be very great, several hundred kilogrammes, 
with such magnets as can now be made, and the 
antagonistic force is easily multiplied by simple pro- 
cesses. 

We may, then, produce at a distance and instan- 
taneously, certain very considerable mechanical eifeds, 
provided that after each effed produced, the antagonistic 
force can be restored by some motor, and the armature 
returned to contad with the eledro-magnet. 

Thus, in apparatuses based on a use of the Hughes 
eledro-magnet, three forces are brought into adion. 

(i). The force to be utilised, the adion of which is pre- 
pared, and which is stored up by some motor. 

(2). The attradive force of the magnet, which counter- 
balances this force. 

(3). The eledricity which ruptures the equilibrium of 
these two forces, and weakening the second, allows the 
first to produce its effeds. 

If the difference between the attradion of the magnet 
and the antagonistic force be suitably calculated, it will 
be sufficient if we develop in the cores of the bobbins a 
very weak contra-magnetism ; and, indeed, the 
elements of the battery that are employed are arranged 
in tension, and their number depends only on the 
distance at which the adion is to take place ; in a word, 



ie appearance of the damaged spire was remarkable. 

md aown the sharp angles formed by the faces of the 

midal spire meeting, the lightning had cut long strips on the length of the circuit. 

x0» ootn«n* fi Ar a f«»*»f \e\na anH in anm* niacAs «nna. The Hughes cledro-magnet has this ftirther advantage 

over ordinary eledro-magnets, that it operates with 
passage of currents which one might call instantaneous ; 
indeed, the point is not to attrad an armature by the 
influence of a force which must persist during the time of 
attradion ; the eledricity, in the Hughes magnet, merely 
serves to interrupt for one instant a permanent adion, 
and thai it ads like a pair of scissors with which one 
might cat a cord suspending a weight, which would then 
fall under the infiuenco and according to the laws of 
gravity. 



)e cement, 6 or 8 feet long, and in some places appa- 
ly more or less affeding the brickwork below it, and 
:h were held up only by their resting upon the ends of 
tar pieces lower dowa. The areas between these 
es were comparatively unaffeded. 
hat great force must have been in operation was evi- 
:, inasmuch as, besides the damage already described, 
iece of stone weighing about 14 lbs. was thrown 
yards, and the ground around the tower was strewn 
1 fragments, many of a large size. 
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To appreciate this instantaneity, it is sufficient to 
recall the prodigious numbers of letters printed per minute 
by the Hughes telegraph, notwithstanding the multipli- 
city of adions independent of electricity which concur in 
the impression of each of them. 

Apart from the use of Hughes's magnet in telegraphy, 
there are other applications which may be made of it, 
and which we have had in use for some years. We will 
indicate some of these. 

(i). Opining and Closure of Stopcocks, Valves, &»c, — 
When the case is that of a gas or a liquid under weak 
pressure, the problem is very simple. It is sufficient to 
attach to the key for turning the plug of a cock, a counter 
weight with projeaing armature, which a Hughes eledro- 
magnet holds in unstable equilibrium, and which falls 
when a demagnetising current is sent, either automatically 
or at will. Where there is strong pressure, it is well, so 
as to avoid the use of too powerful magnets, to adopt the 
form of valves with counter-pressure piston. 

(2). EUctro-automatic Whistle for Locomotives, — One 
of the most important questions in the working of 
railways is that of signals. The signal apparatuses by 
which engine drivers are guided are movable pieces, discs 
or arms, which, in one position, indicate that the way is 
clear, and in the other that the train must be stopped ; 
but if from any cause they may not have been noticed, 
all guarantee is gone. 

It has often been attempted to confirm the sight signal 
by an acoustic signal, but without pradical success. The 
employment of eledtricity with the Hughes eledro-magnet 
has enabled us to attain the desired result by an apparatus 
which may be thus described. 

A steam whistle opens or closes by adtion of a hori- 
zontal lever. Near the free end of this lever is jointed a 
vertical arm conneAing it with the middle of a parallel 
lever below ; thus the two levers move in correspondence. 
The free end of the lower one is held up by a Hughes* 
magnet, while the current is not passing, and thus the 
steam-whistle is kept closed ; but if a current pass, the 
lever is released under adion of a spring, and thus 
the whistle ads. The apparatus, enclosed in a metallic 
case, is fixed on the locomotive in front of the engine- 
driver. 

The source of eledricity is a battery placed near the 
sight signal on the railway ; it is also utilised for sounding 
an alarm bell near the lever which produces the signal. 
When this lever is in the position for stopping, a com- 
munication is established between the pile, and a piece 
named the fixed contact, or, vulgarly, crocodile, placed 
longitudinally, at a suitable height, between the rails, at a 
certain distance in advance of the sight signal. This 
piece is a wooden beam fixed by iron feet on the sleepers, 
and having on its upper surface a metallic plate with 
which is conneded the cattery wire. 

Under the engine, and connected by insulating wire 
with the eledro-magnet, is a metallic brush, which, in 
passing, rubs against the crocodile. 

When the signal indicates the line is clear, the pile 
being insulated firom the contad-plate, no effed is pro- 
duced ; if, on the other hand, the signal is to stop, then, 
whatever the velocity of the engine, an instantaneous 
circuit is established, and the whistle sounds until the 
engine*driver raises the upper lever again, and closes the 
valve, thus, at the same time, returning the armature of 
the lower lever to the eledro-magnet. This whistle has 
been used for more than two years on many locomotives 
on the Chemin de Fer du Nord. 

It is also employed to give signals in workshops, mines, 
steamboats, and like cases, where it is desired to produce 
automatically a strong and continuous call. In slightly 
changed form, and conneded with clockwork, it has been 
tried in lighthouses for producing at a distance, through a I 
Bteam-trumpet, acoustic signals confirmative and supple- 
mentary to luminous signals. 

(3). BUcirie Paw/.— We have utilised the properties of 
the Hughei elcftro-magnet in producing, either auto- 



matically or at will, engagements or disengagements, 
locking or unlocking, of Turakes, winches, hoists, &c. A 
description was given last year of the mode of using it in 
manoeuvring the stage decorations, &c., in the new Open 
House in Paris. 

(4). Electro-Semaphores, — This is 'an application of the 
magnet in connexion with the block system on railways. 
Such semaphores are used on the line from Paris to Creil 
by Chantilly. 

(5). Urgent Alarm Bell (Sonnetie d^Urgence), — This is 
for preventing the employment of a telegraph station when 
an application which it receives calls for a reply stopping 
all business. It consists of a Hughes eledro-magnet, the 
bobbins of which are in the circuit of the wire which 
conneds to earth all the receiving apparatuses (printer or 
bell) of a station. All the currents received in these 
apparatuses, then, will traverse the bobbins, but produce 
no effed if they are in a certain diredion. But if one of 
the correspondents sends a current in the contrary diredion, 
the magnet releases its armature, which then makes the 
circuit of a special alarm bell. The employe will thus be 
informed that an urgent message is addressed to him ; the 
adion of the ordinary receiving apparatus indicating, at 
the same time, whence the message comes. 

These are a few of the possible applications of the 
Hughes eledro-magnet ; it is easy to conceive of others. 
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Another subjed that has received much attention in 
England in connedion with the fixed signal system is the 
interlocking of signals and switches, by which the lever 
motion that turns the switch turns also the signal kit 
trains moving past it, and at the same time locks the 
switches and signals at other places, the movement of 
which might interfere with the movement of the traia 
under immediate guidance. 

This, it will be seen, involves the employment of tiro 
mechanical principles which have not thus far received i 
great deal of attention in our country ; the connedion of 
the several switches and signals at a station by an ex- 
tended system of conneding rods, compensating bauY, and 
bell cranks, and the bringing together of the levers moving 
them to one or more stands or platforms arrange for tbe 
purpose. On the Great Northern Railway, upon one 
such platform or ** locking frame,** there are eighty leven 
moving and locking as many switches aad signals, some 
of them more than a quarter of a mile away. 

The extent to which the interlocking system has bees 
carried does not seem to meet with universal approfsl 
among English engineers. One gentleman says he does 
not like the large accumulation of levera in one firame; 
another, that the number of levers in a box sometinies 
frightens him ; a third mentions a converMtioo with a 
switch-man, in which the time required to pass a train 
through being referred to, as too great for busy days, re- 
plied, ** On them days we pulls out all this gear.*' There 
IS, however, no difference of opinion as to the value of 
interlocking switches and signals to a certain extent, and 
that is as true to-day in American as in English pradice. 
As a general rule, our condition in that reaped is the saae 
as England's previous to the introdudion of the iater- 
locking system, when the Liverpool and Manchester 
Railway managers declared that '* they had no system, 
but put good men in the places, and saw that they attended 
to their duty.** 

Although it may be that, in certain cases, interlockiBg 
and lever concentration has been carried to an nndee 
extent in England, yet it is far firom the intention of iIn 
members oi the Committee to qneation its rffirmffy or 
importance ; they foresee that it mvtl cosm ioior^ — ^ 
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use at our principal railway stations, and have been in- 
formed that, since their appointment, both the New York 
Central and Pennsylvania Railroad Companies have com- 
menced its introdudion at their New York termini. The 
devices there used are the ** Farmer and Saxby," to which 
those desiring further information are respedfully referred. 
This review of European practice shall be closed by a 
brief reference to the automatic systems, both mechanical 
and eledrical, without attempting a detailed description 
of the arrangements which are m use, and which are 
accessible to those who desire information upon that 
fiubjed. 

The experience of a quarter of a century does not seem 
to have obtained for them general favour in England, 
though the Siemens's improved eledric signals are being 
introduced upon the continental railways, and upon the 
principle •• of the survival of the fittest " its friends claim 
for it a large future. One gentleman, speaking from much 
experience in eledric signals, says, " Without the aid of a 
great staff of eledricians to keep them going, he would not 
like to depend upon them ; " another, that ** They are 
only suited to thickly settled distri^s." It is scarcely 
necessary to say that all such arrangements require the 
most accurate mechanical details ; and the objedions to 
' them that are found in English pradice will exist to an 
increased extent in America, where extreme atmospheric 
disturbances are not uncommon. 

Siemens's Magnetic Inductor tnowhtingtxttnsively used 
in Europe as a substitute for the Morse battery for eledric 
communication between signal stations, is thus described 
in a circular:—" It consists of twelve permanent magnets, 
between which a cylindrical armature is mounted, and 
each complete turn of the armature produces two currents 
in opposite diredions in a coil of insulated wire forming 
part of the cylindrical armature ; one revolution of the 
handle causes the pinion to revolve thirteen times, and, 
consequently, twenty-six currents, alternatively positive 
and negative, are generated in the insulated wire coil by 
one revolution of the handle, and sent into the line wire. 
Its strength is said to excel a battery of one hundred ele- 
ments ; it ads more energetically, and is free from atmo- 
spheric influences. There are no expenses of cleaning 
and maintaining the batteries ; it requires no complicated 
connexions; the protecting case guards the instrument 
against damage ; and, on the whole, it simplifies the ser- 
vice, and gives a greater guarantee of the exadness of all 
railway sisals." 

Conclusions, — Having briefly reviewed the signal service 
as it is employed in Europe and America, we would 
invite the attention of the Society to the conclusions 
arrived at. 

It is not necessary to dwell upon the appliances for 
train and hand sisals ; the whistle, gong. Hag, lamp, and 
torpedo are in universal use, and will continue to ** talk at 
a distance ** until some better modes, not yet known, are 
substituted for them. 

Of station (fixed or block) and switch signals, there is 
an almost infinite variety — semaphores, vanes, targets, 
balls, &c., — differing as much in their significance in 
different localities as there are shades of minds in their 
application. 

in Europe the semaphore is rapidly taking the place of 
all other signals, and in America, the larger the roads and 
the business, the more uniform the charader of the sig- 
nals, and the fewer the rules for their observance. 

It is quite possible to govern the movement of trains 
upon any road by one class of signals, which, as indicated 
by the use of the semaphore, seems to be the present 
European idea, but experience there does not point un- 
equivocally to such singleness of pradice. Switch signals 
have but two ideas to transmit — right and wrong ; the 
block and road signals have three--danger, safety, and 
caution; whilst the station signals, being required to 
dired the movement of trains in various ways, should 
hsva a mora copious significance. 
Switcb ttgnab should be automatic ; that is, the same 



lever motion that moves the switch should also change the 
siCTal. The English target, which has already been 
adopted upon several of our principal roads, seems to meet 
all the requirements of a good switch signal. 

For block or fixed signals the vane seems to be the most 
suitable, and the best samples are upon the Philadelphia 
and Reading Railroad, where it has been the most ex- 
tensively used. The office of block or road signals is to 
announce the condition as to safety by the exhibition of a 
red, white, or blue colour, and this can be done more 
quickly and certainly by turning a vane than by hoisting 
a ball or changing the arm of a semaphore ; and the black 
board dividing the signals for moving trains in opposite 
diredions facilitates the operation, and prevents confusion. 
For grade crossings, the essential feature is that the 
same signal movement that opens one road shall block the 
other, and that neither road can be opened by signal with- 
out at the same time blocking the other, regardless of the 
charader of the train approaching. Each road must be 
either open or blocked to all trains at the moment of 
crossing, and no other question should be presented to the 
signalman at the point of intersedion but that of safety; 
all questions of priority should be otherwise disposed of. 
In this view of the case, we still find the x -shaped vane, 
with two red and two white faces placed in one of the 
angles of intersedion, the most simple and best crossing 
signal, either in its primitive form or modified by the 
double cylinders, as adopted at the crossing of the Phila- 
delphia and Trenton Railroad. 

Tunnel and drawbridge signals have a somewhat dif- 
ferent duty to perform, but the only intelligence they have 
to transmit is that of danger or safety, and we still find 
the vane, with its red and white faces, the most certain 
and convenient device for such purposes. 

At the regular stations more time can be allowed for 
the train-men to consider the meaning of signals, and the 
range of ideas to be communicated is from a simple notice 
to stop at a local point for passengers, up to the movement 
of the frequent trains upon the multifarious tracks of 
our extensive stations. For this purpose the semaphore 
seems to be the best adapted ; three ideas are communicated 
by the three positions of a single arm, and the number of 
arms and the number of posts maybe increased indefinitely. 
The colour-signals seem to have become uniform all the 
world over, with some unimportant local variations which 
should be obliterated. 

The audible signals have a general similarity, but are 
not uniform ; and there has not been sufficient attention 
paid to a correspondence of whistle and gong notes. 

In allvcases the standing signal should be the signal of 
danger; and trains should not be allowed to proceed 
until the signal announcing the condition of the road 
ahead has been given. No si|;nalman can sleep with the 
red against approaching trains without being speedily 
called to account for his omission of duty. 

The progress of signalling through it several stages must 
be governed by the growth of the traffic it has to condud 
safely over the rails. For roads of small traffic the hand 
and train signals will suffice ; and a single-track road has 
not reached its ultimate capacity to accommodate traffic 
until fixed signals, conneded by magnetic telegraph, and 
provided with sidings to pass fast and slow trains, have 
exhausted their powers of expanding that capacity. 
Double-track roads have not reached their ultimate capa- 
city until the full block system, with suitable siding room, 
has been applied to them. It is not until the expansive 
powers of signalling have been exhausted that additional 
tracks need be laid, and it thus thatthis branch of railroad 
service becomes an important element of economy, and a 
means of avoiding large outlays of capital. It is frequently 
said that railroad companies cannot afford to adopt a 
general signal system : is it not true that no road of con- 
siderable business can afford to do without such a S3rstem ? 
The value of machinery alone in all raUroad trains is from 
ao,ooo dols. to 50,000 dols., independent of the freight they 
hold in transit, and a signal system is, to a large extent, 



52 



Distribution of Magnetism. 



( Elictkicu. Kiwi, 
\ July 9% iS75. 



the insurance upon this species of property. From the 
report of a railroad company, giving a statistical state- 
ment of the accidents upon the road and the causes of the 
same, it appears that in a period of fifteen years, 1700 
accidents occurred, in which, besides the injuries to the 
locomotives, 4770 cars were demolished. Of these, 2055 
may be referred to the signal service, 1658 to defeats in the 
road and rolling stock, 736 to carelessness of employis^ 
and 321 to causes unknown. The death list u{K)n the 
same road for the same period numbers 443. 

The efficiency of signals in preventing accidents eannot 
be too forcibly impressed upon the railway interests at 
large. The block S3r8tem is intended to prevent the 
possibility of collisions, and it is difficult to see how a 
collision can take place when that system is in use under 
intelligent diredion. 

Drawbridges guarded at the draw by a signal, which 
can only be moved automatically, and repeated a suitable 
distance on either side of the bridge, must be an absolute 
preventive of accidents ; it is impossible to conceive of an 
accident at points so guarded unless the engineer is either 
blind or demented. 

Railway grade crossings will be fVee from accidents if 
guarded at the intersedion by signals which block one 
road when they open the other, and which are repeated 
when necessary at suitable distances on either side. No 
sane engineer will run past a red light in full view into 
an obstructed crossing. 

We have laws requiring trains to come to a full stop 
before passing such points, which is well ; but well devised 
signals are better, on the principle that an engineer in a 
hurry will be more likely to take risks by breaking the 
laws of the land than by breaking his own neck. We hear 
much of the carelessness of engineers as the cause of 
accidents, but, as a class, they have as high an apprecia- 
tion of their lives, and of the risks of their calling as other 
men, and will not be found running into known danger. 
In a majority of cases, the want of care will be found more 
with those who have charge of the roads and running 
arrangements, and they should take full share of the 
responsibility. 

Tunnels cannot be safely worked except by the full 
block system. Hoosac, with her five miles of length, can- 
not be safely worked on any other principle, although such 
an amount of business may be conceived as would make 
a block station desirable inside of tunnels so long as this. 

The Committee is without necessary information to 
treat intelligently what may be termed the railway vocabu- 
lary of the semaphore, but American ingenuity will find 
no difficulty in supplying the deficiency. This report is 
dosed by repeating the recommendations of the Institution 
of Civil Engineers, that uniformity should be obtained : — 

1. In signals of danger, caution, stop, go-ahead, and go 

back. 

2. In the chara<fter of the fixed signals used upon our 

several roads, for distind purposes, such as svritch, 
block, and station, and 

3. That the signals should be as few and simple as 

possible. 



DISTRIBUTION OF MAGNETISM IN BUNDLES 
OF VERY THIN PLATES OF INFINITE 

LENGTH. 

By JULES JAMIN. 

In my previous papers* I demonstrated that in a thin 
plate of infinite length the mean magnetic Intensity y, at 
n distance -x from the extremity, is represented by — 

v=A*-^ 



A being a constant for the same steeU independent of iti 
temper or anneal ; *, on the contrary, decreasing with 
increase of anneal. I now propose to gather up a bundle 
or group of such plates, and consider the case, as a 
whole, in which the bundle may be accounted as infinite 
in length. 

In former papers I showed how a saturated magnet is 
a bundle of magnetic elementary filets confined in the 
middle sedlion as by a belt, and expanding outwards to- 
wards the extremities. The number of these depends 
only on the mean se^ion, provided that the polar tnrbcei 
admit of its expansion. If the thickness of a plate b 
very small, equal at most to i millimetre, it may be con- 
sidered uniformly magnetised throughout its entire mass ; 
and the total magnetism M that it contains is equal to 
the product of its se^'on d c by a constant fa&or1l^ thus— 

M=m&c (i) 

whence it follows that M ought to be — f i) independent of 
its length when once it exceeds a given limit ; (a) propor* 
tional to its thickness c ; (3) proportional to its width h. 
These three statements may be easily proved by Van 
Rees's method of indudion for determining the quantity M. 
It consists in dividing M by 6 £, and successively varying 
the length, width, and thickness. From tJuse operations 

it will be found that p. begins to lessen when the length is 

b c 

reduced to 136 millimetres. 

As regards the influence of thickness and width, it can, 

in the same manner, be shown that M is proportion&l to 

c and b. 

This relation ( ^j demonstrates that if we superpose 

several identical plates their magnetisms are cumnlatire; 

they adl as one whole plate whose thickness is equal to 

the sum of the several thin plates. The following table 

proves this : — 

Metres. 



Length of plates 
Width 



Number 
of Plates. 



«) 



xn.ni. xn.in. 



0*240 «/ 

0*040 sfr. 




2-25 

90*00 
49*20 

0*55 



i6*oo 
64*00 
32*50 

0*50 



in.ni. 

12*70 
50*80 
2550 



in.in. 

11*00 
44*00 
23*00 



fn.TTi. 

0*44 
17*60 

XO*IO 



in.fD. 

0*76 
3040 
16- 10 



0*51 0*52 0-57 0*53 
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The law is applicable to the case in which the plates, 
though of similar form, are of different steel. It then as- 
sumes the algebraic form of — 

M = 6(mc+m'c'+m"c"). 

In like manner it lends itself to the case in which tbe 
plates are superposed in any dire^ioh whatever (pre- 
senting at each extremity north and south poles mixed), 
when the equation becomes — 

. I made some experiments with five plates of equal 

length and width : / = 500 m.m. ; 6 = 38 m.m., thickness 

being approximateiy = 0*4 m.m. Examined separately 

they gave the following values for M :'— 9'7, 8*4, 8*5. 10*2, 

7*2. They were then packed up with all the poles in the 

same direAion ; afterwards the last plate was turned 

round; and finally the two last. The results were for 

the value of M : — 

Observed. C&lcultlei. 

Plates all in same diredion • . 44*0 43*9 

The last turned round . . . . 28*3 29*0 

The two last turned round .. 9*1 9*0 

I will add, lastly, that on separating the bars ^hey weie 
ibond in the same state as before their superpositten ; ited 
I have never observed, like Coulomb, thiit the otiter pitito 
of a compound magnet were more chstgM tfUA tMiUte 
the centre. 
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It is thus shown that by laying plates one on the other, 
in any number and in any dire^ibn, the group contains 
the algebfMC sum of their magnetisms. This is, however, 
only true if the bundle is long enough to be considered as 
infinite. Let us, therefore, now enquire into the law 
regulating the distribution of the total magnetism in such 
a group of plates. 

For this purpose I made use of 50 plates, as alike as 
possible (obtained from long strips of the same steel, 
manufai^red at the same time), whose thicknesses c were 
equal to 0*040 m.m., the width b being equal to 40 m.m. 
The lengths were equal to i metre, which was enough for 
one or two plates* but when the bundle exceeded ten or 
fifteen plates the two magnetic inverse curves began to re- 
unite. On such occasions, to that end of the bundles not 
under observation, were added long iron or steel arma- 
tures, which produced the same effect as if the length of 
the bundle were increased. Groups of i, 2, to 50 plates 
were thus studied, by the method of contad-ordeal, with 
the following results : — i. That for any number of plates, 
n, the elation of the mean intensities in two sedions 
situated at distances x and x+i is constantt and equal to 
knit thus proving that the intensities are always repre- 
sented by the formula — 

yn = A» *»-* .... (2) 

3. That the ordinate An at the extremity of the bundle 
increases with n ; and that the curve of the intensities 
rises ; and, lastly, that kn diminishes,— in other words, 
the curve lengthens more and more. 

Nothing now remains but to find out the law of the 
values of An and kn> To do this we will find a condi- 
tional equation by calculating; from formula (2) the total 
magnetism, and equalising it to that which is given by 
formula (i). Now, upon a strip of steel (of width equal 
to the unit) parallel to the magnet's axis, the magnetic 
sum will be found by integrating ydx from zero to infi- 
nity ; and M will be equal to that integral multiplied by 
the perimeter 2(6 +c), t,e, — 

. 2A»J6+f 
ax^ — n » 



Ma2 






a quantity which is equal to the sum of the magnetic 
filets in the middle sedion hcoimbc. Thus — 



mhc^zAt 



whence — 



h+c 





m 


Art c+b 








2 


Lkn be' 






In the case where the thickness c is equal to unity, 
An and kn become equal to the constants A and k, deter- 
mined before*: hence — 


rom which — 


m _ 
2" 

An 
log. kn 


A I-I-6. 
/.*• b ' 

c + b _ A 
' c-\-bc log. k 


• • < 


. (3) 



The second member of this last equation being con- 
stant, the first will be equally so, whatever n may be : 
this, indeed, is evidenced by the third column of the 
following table : — i 

This constancy in my experiments sensibly contradided 
itself after thirty plates were added, and was, owing to a 
host of causes, conducive to error (which shall be men- 
tioned hereafter), as well as to the last twenty plates 
being rather thinner than the others. 

To fully determine An and kn another equation is 
needed. It will be discovered on remarking that A* and 
log. An, varying inversely their produd is constant. Let 
us then place — 

Afi log. *« = A log. k ... (4) 

and equations (3) and (4) will give us — 



"s/'i 



c+b 



+bc 



A; 



log. *« yj^tih" '°«- *•• 



The second terms of the above being constant, it foUows 
the first will be so likewise, and so the table shows in the 
fifth and sixth columns. Whence we find— 



L» = Ay/ 






c+b 
+bc 



and the final formula of the magnetic intensities on a 
group of n plates thus resolves itself into — 

—a formula which becomes A A -« when the thiflianss 
c B unity. The determination of the constants A wU, k 
(as was done in my last pape^ enaUes us thns to mcu- 
late all the conditions of a group of thin plate t <^ t he 
same steel when it is long enough to be considtced as 

infinite. 

I close by mentioning that to efficiently study a group 
of a large number of |Mates they must be well poltshed, 
very flexible, and veiy strongly pressed against each other. 
When this is not done, a part of the total magntttsm— 
instead of reaching the exterior— remains bstwMa the 
plates, and that portion increases With the separating 
spaces. On interposing pasteboard the precedmg la#s do 
not hold, but they are afi^oached more and more on 
more closely binding the bundle together. It is jR>ticed 
that An and i^M both increase up to the limit expressed by 
the formulae as above ; and, as the absolute contad of the 
plates in all their surfaces is impossible, divergeaciee exist 
between theory cmd experiment which augment with the 
number of layers, and which, when the grouping eaceeds 
thirty plates, is apparent from the above table. 



Number 
of PUtes. 

z 

a 
3 

t 

ro 

2b 
30 

50 



log. 



1-99 

274 
3.90 
4*28 
5'io 
5*62 
6-25 
6'8o 

8'2X 

8-6o 
946 

XO'OO 



1-295 
1184 
1-164 

1*122 
I'I02 
1-078 
1*082 
X-065 
1*062 
1053 
1-033 
Z*028 



kn c+bc 

4378 
4670 

3932 
5428 
52*02 
56-66 
49*04 
49*26 

4598 
40'39 
5695 
6104 



An log. kn An ^j 



0*213 
0*200 
0-252 
0*214 

0*2t5 

0*1*4 
o*2ii 
0*186 
0*215 
0*193 

0-134 
0126 




JU^^^tm 



C+b , 
+bc 

3'I3 
3*o6 

3-57 
3*41 
3*34 
3*22 

3*24 

3 '02 

3'i5 
2*79 

2-76 
3-04 
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Tablb IV. 






R. 


5. 


C. 


E. 


E,. 


33360 


1170 


0-015 


8-31 


T" 


396-50 




o-o»a 


8-31 


7'" 


J59-30 




0-032 


8-33 


7-'4 


211-50 




0-037 


8-34 


7-19 


185-70 


1160 


0-04S 


8-36 


7-ai 


148'So 


1140 


0-057 


841 


7-3B 


iirCo 




0-076 


8-44 


7-54 


74-50 




o-iis 


8-54 


7-70 


3795 




0-130 


8-73 


7-98 


74'5'> 


1140 


0-127 


9-44 


8-39 


37'95 


1 140 


o-aja 


958 


8-61 




Table V. 






R. 


S. 


C. 




E,. 


333150 


1330 


0-030 


9-93 


7'47 


zge-so 




0-033 


9-86 


7-43 


259-30 


1330 


0-038 


980 


7-42 


Ma-5o 


1330 


0-044 


9-88 


7-49 


185-70 


13*5 


0-0S3 


9-86 


7-46 


148-80 


"33S 


0066 


9-83 


7'*5 


111-60 


1330 


0-090 


10-05 


762 


74-SO 




0-137 




in 


37-95 


ijas 


0-393 


ii'i4 


2I-20 


1380 


1-370 


39-01 


20-86 


.6-30 


1365 


1-990 


3»-*6 


33-10 


11-30 


1350 


3-150 


3870 


38-70 


860 


1300 


4-980 


41-80 


32-90 


760 


1280 


5-780 


43'9o 


34-30 


660 


1230 


6-960 


4600 


3740 


560 


960 


7-170 


40-10 


41-80 


*To 


8S0 


7-750 


36-50 


41-40 




850 


8-1 10 


33-M 


39-10 




Table VI 






R. 


S. 


C. 


E. 


B,. 


33360 


1610 


0-036 


l»-ol 


'■*; 


396-50 


16.5 




11-92 


7-38 


a«-3o 




0047 


11-37 


7-56 


33 1- so 




0-054 




7-42 


185-70 


1630 


0-065 


11-05 


7'3» 


148-80 




o-oSi 


11-19 


7-4S 


iii'6o 


1615 


0-109 




rj7 


74-50 




0'i6j 


13-39 


7-61 


37'9S 


1625 


0-332 


I2-60 


7-80 


26'ia 


1&75 


1-3IO 


34-3' 


30-50 




-675 


1820 


38-59 


33-10 


.630 


-675 


3-450 


40-01 


M-°° 


11-30 


1635 


3-420 


47-06 


a8-8o 


8-60 


1260 


4-820 


4'-47 


54-40 




Tablb VII 






R. 


S. 


C. 


E. 


E,. 


333-6 


2010 


0-041 


13-7 


6-Si 


196-5 




0-046 


13-6 


fi-78 


159-3 




0053 


13'7 


6-93 


311-5 




0-063 


139 


6-81 


185-7 




0-074 


»3-7 
13* 


6-77 


148-8 




0-091 


6-63 


111-6 


3015 




'3-4 


6-65 


745 




0-174 


13-0 


6-39 


37'9 


2015 


0-317 


12-0 


j-96 



TESTS OF A MAGNETO-ELECTRIC MACHINE.' | 

B* Prat B. C. PICKERING ind D. P. STRANGE. 

;lfaiucliuKtu IpitlluK of THhDoJon'. 

(ConclDded tram page 14). 

Nbxt, to determine the relation between the foar vari- 
ables—speed of levoluliOTi, re*i*tftnce in circuit, currenl, 
and eledto-motive force. An attempt wm also made to 
measure the work required to run the nacliine, and the 

coefficient of efficiency ; but, from lack of proper dynamo- 
metric facilities, the attempt was Recessaiily abandoned 
after the first series of experiments. 

The result* of these experiments are given in the fol- 
lowing tables in which R is the resiBtance of the circuit, 
expressed in ohioa ; S is the speed, or number of revolu- 
tions of the armature per minute ; C is the current in 
vebers per second ; E is the eledlromotive force in volts ; 
Ei is the computed eledtromotive force in volts, which 
would have been obtained with a speed ot 1000 revolu- 
tions per minute I W is the work expended, in foot- 
pounds, including fridion ; W.C is the worti the current 
is capable of doing, in foot-pounds; and C.E is the co- 
efficient of efficiency of the machine, obtained by Bub- 
traAing the work required to drive the machine on an 
open circuit from the aAual work W, and dividing the 
computed work W.C by the remainder. 
Table II. 



W.C. 



C.E. 



364-600 


730 


0-023 


6-10 8-13 


0-104 


306 - 


aa7-4oo 




0-027 


6-09 8-11 




306 - 


190-300 




0-033 


608 811 


0-143 




153-100 




0-040 


6-o8 8-11 


0-178 




116^)00 




0-052 


6-10 8- 13 


0-138 




78-900 




0-078 


6-16 8-21 






53-600 




0-131 


6-88 9-04 






41-700 


j6o 


0-159 








4f500 




o'i6i 






309 — 


27-600 


745 


0336 


928 13-45 


2-340 


318 - 


ai-Soo 


745 


0-587 


ia-79 i5'90 


5-640 




15-440 


740 


1-430 


ai-14 28-50 


12-500 


550 0-096 


11-440 


730 


2100 


25-16 3450 


41-500 


697 0-105 


7-500 


725 


4-170 


31-19 43-10 


97-900 


955 o-'46 


5-150 


7*5 


5290 


17.34 37-50 


loS-ioo 




4-440 


720 


6-320 


37-43 3810 


124900 


1274 0-133 


4-440 


580 


6-960 


30-91 53-30 




984 0-228 


2-970 


415 


11-360 


33-39 78-50 


383- I oo 


951 0-362 


2-780 


590 


8-610 


33-96 40-60 


154-900 


1403 0-133 


2-300 




9-710 


33-33 39-80 162-400 






530 


\T^ 


1966 37-10 


148-200 




jlle 


310 


ao-68 66-70 179-600 


735 0-284 


510 


11300 


18-68 35-90 .58-300 










TaBLk III. 






K. 




s. 


c. 


E. 


E,. 


33360 








6-63 


696 


396-50 




950 




658 


6-9. 


"59-30 






0-026 


6-64 


7-00 


212-30 






0-030 


6-62 


7-oa 


SS 




940 


0-036 


6-67 


7-09 






0-045 


673 


7->3 


1 11-60 




945 


0061 


6-85 


7-«5 


74-50 






0-091 


6-87 


s:.1 


37-95 




940 


0'306 


7-8o 


3048 




915 


0-476 


14-51 


15-70 


36-57 




915 




'5-78 


17-00 


ar65 








19-47 




16-70 




910 




32-73 


35-60 


13-76 






3-720 


37-4* 


41-10 






905 


3-410 


40-11 


44-30 






900 


4390 


43-07 


4790 






890 


5-o6o 


4525 


30-90 


7-80 




870 


5-860 


45-70 


5260 


692 




840 


4-900 


33-90 


40-40 


5-9> 




670 


6-170 


31-30 


3330 


3-93 




S50 


6-760 


26-60 


48-40 


2-9S 




;.o 


9-400 


27-70 


54-40 



Front an examination of these tables several important 
conclusions may be drawn. For large resistance*, over 
38 ohms for instance, the eledromotive force is ne^7 
proportional to the speed, and is given by the equarion 
£^0-007 S. The advantage of placing tbc magnet in 
the main circuit 1* here in a great measure lost, since tb* 
large outside resistance so far reducei the current thsit it* 
effea on the msgnet is slight. The constant a-007 aflbtd* 
a good means of comparing various mkchjlic* of thi* 
form, since its magnitude depends direOly on tbe aimage- 
meni of the magnet and armature. For reaiitnnee* Im* 
than 38 ohmSi^t&e eledn>-motiva force rapidly incTBSsw 
by u) amount which ii appnwiroately gmn kj tlM 
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formala, £»S (0*043-0*0009 R^, from which we see that 
the eledro-motive force continually increases as we 
diminish the resistance, and, if the resistance could be 
reduced to zero, would attain the value £=0*042 S. 

The column Ex is computed by assuming the eledro- 
motive force proportional to the velocity. This column 
can be used more conveniently than that marked £, 
since with small resistances the power required was so 
great as to make the belts slip, and greatly diminish the 
speed. 

In Table II. some measurements of the power are 
given, as also the ratio of the theoretical power to that 
a&ually employed. The latter was measured by the 
dynamometer, the former computed by the very con- 
venient theoretical formula, W»fCE. From the results, 
it will be seen that, for large resistances, the power 
employed, beyond that required to drive the machme, is 
insignificant, but rapidly increases as the resistance 
dinunishes ; the efficiency also at the same time increas- 
ing and attaining fts greatest value with the smallest 
resistances. Of course, the absolute efficiency, or ratio 
of eledricity generated to power expended, would be 
still less than this, being very small for large resistances, 
and attaining a maximum of about 30 per cent. When 
we consider, however, how large an amount of work is 
consumed by even a small amount of heat, the coefficient 
in the above cases must be regarded as large. 

A series of experiments was next made to determine 
the strength of the current generated in different positions 
of the armature. The apparatus was constructed by Mr. 
S. J. Mixter, and consisted of a wooden wheel attached 
to the armature, and revolving with it. On this rested a 
brass wire; and a strip of copper was inserted in the 
wheel, so that it established contadt between the axle and 
the wire, through an angle of about Io^ The latter was 
supported by a second larger wooden wheel, which could 
be turned and held in any desired position by inserting a 
pin in one of a series of holes in its circumference, at 
intervals of zo**. The experiment was performed by con- 
neAing the brass wire and axis of the machine with the 
galvanometer, so that during each revolution of the 
armature the current would he for an instant diverted 
through the galvanometer, these currents following each 
other so rapidly when the machine was running as to 
produce a sensibly constant deflexion. The larger wheel 
was then turned 10**, and the observation repeated. The 
o" and x8o* of this wheel correspond to the points where 
the circuit is reversed by the commutator. 



P. 
o 
10 
20 
30 
40 

50 
60 

70 
8u 

90 

100 

xzo 

120 
X30 
X40 
150 
160 
Z70 

z8o 

Table VIII. gives the result of two series of experi- 
ments of this kind, the wheel being turned through 360% 
and the mean of the two readings at intervals of x8o* 
taken. Column i f^ves the angle thfoagh which the 
wheel has been moved, and colomn a the cnnent, the 
main dfcuit having a twiaiM ^e of 167 olunt» and tlie 



Table VIII. 




c. 


c. 


0-0498 


0*10x5 


0*0503 


0*09x2 


0*0378 


0*0786 


0*0338 


0*0693 


0*0284 


0*0620 


0*0257 


0*05x4 


0*0211 


00399 


0*0159 


0*0392 


0*0136 


0*0385 


0*0x30 


0*0392 


0*0141 


0*0446 


0*0152 


0*0588 


o*oz88 


O'XOOO 


0*0343 


o*X329 


0*0638 


o*X4o6 


0*07x5 


0*1367 


0*0678 


0*1260 


0*0629 


o*xi62 


0*0498 


o*xox5 



galvanometer circuit a resistance of 1*3 ohms. Column 3, 
in like manner, gives the current when the resistance of 
the main circuit is reduced to 10 ohms. An examination 
of this table shows that the current at no point becomes 
zero, but varies from a maximum at about X45'' to a mini- 
mum at 90°. If the distance of the poles of the magnet 
was large compared with the motion of the armature, the 
current would vary as the sine of the angle, supposing 
that there was no indudion or other disturbing cause. 
Accordingly the current would become zero at two points 
midway between its two maxima, and this would be the 
point where the commutator should be placed. In that 
case no spark would be seen at the commutator, since the 
circuit would be broken only when the current was zero. 
In pradtice it was found that there was no portion of the 
commutator where the spark could be entirely avoided 
when the resistance was small, evidently owing to the 
fad shown by these observations, that the current at no 
point is zero. Moreover, on constructing the curves with 
co-ordinates equal to the angles and currents, it will be 
seen that the inclination is much greater before than after 
the maximum ; so that the latter, as stated above, is dis- 
tant only about 55** from the minimum, instead of 90^ 
The cause of the deviation from the curves of sines is 
probably the current induced by the magnet, which adds 
or subtrads its effedt according as the current is increasing 
or diminishing. 

In trying experiments upon the light produced by the 
current several difficulties were encountered. One of the 
most serious of these was from the slipping of the driving 
belts, when the machine was running at high rates of 
speed and the circuit was made through so small a re- 
sistance as the regulator and light. From this cause we 
were unable to obtain a steady speed of more than 1300 
revolutions per minute, which was . not sufficient to give 
the best results. A further difficulty was experienced 
from the great difference in power required to run the 
machine when the current was passing, and when the 
carbons became so far separated that the current was 
unable to pass. A change of probably 4 or 5 horse-power 
was thus almost instantly made, whenever the current 
was made or broken, and the consequent shock upon the 
machinery was very ereat. It. also appeared that the 
form of regulator used (Duboscq's) was not capable of 
controlling the current so that the light should be steady. 
When the carbons were brought in contad the current 
was so great that the magnet aded strongly, starting the 
reversing clockwork and peparating them | an inch or 
more. This broke the circuit, and the machine began to 
revolve very rapidly ; soon the carbons were bxought to- 
gether, throwing a great strain on the engine, and thus 
they oscillated, producing a very bright light for an in- 
stant and then extinguishing it. Better results would 
probably be attained without the reversing arrangement, 
by a change in the magnet of the regulator, or by in- 
creasing the eledromotive force of the current. Some 
results were, however, obtained by a very careful adjust- 
ment of the spring holding the armature. With a velocity 
of XX30 revolutions a tolerably constant light was ob- 
tained. Current, 3*65 vebers. Resistance in circuit, about 
xo ohms. Resistance of light, 3*3 ohms. With a speed 
of X325 total resistance 9 ohms, and current 5*7X vebers, 
a light varying from 600 to 900 candle-powers was ob- 
tained. With a speed of 1280, resistance 7 ohms, and 
current 5*20 vebers, the light varied from 650 to 900 
candle-powers. Doubtless a much greater light could be 
obtained with a different regulator and means of obtaining 
a high speed. 

The effeds of the current were very fine, and have been 
frequently described in connexion with the Wilde, 
Gramme, and other machines. Thick wires were melted, 
heavy weights sustained in the air, in the interior of large 
coils, and excellent diamagnetic effeds shown. The in- 
duced current on breaking the circuit was very severe 
when taken through the body, and the spark very long 
and bright. 
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The advantages of this machine are its simplicity, 
compadtness, and small weight, compared with other ma- 
chines of equal power ; and little or no trouble was expe- 
rienced from heating with the currents here employed. 



NOTtS. 



It has been announced that Mr. Scudamore has accepted 
an appointment under the Turkish Government, and that 
he will shortly proceed to Constantinople to organise the 
Turkish International Ports in accordance with the terms \ 
of the Berne Convention. This announcement will be 
received with regret by all who know how much Mr. 
Scudamore has contributed to the present success of the 
State Telegraphs in this country. We can pay no better 
tribute to his administrative skill than by quoting the fol- 
lowing particulars of the progress of the telegraph from 
the Daily Telegraph of the 26th instant :— " It is little 
more than five years since the Government acquired the 
telegraphic system of the country ; but in that short time 
some marvellous results have been achieved. The total 
number of offices open to the public, which at the time of 
the transfer was about 2000, is now little short of 5600, 
of which upwards of 450 are in London alone. The 
number of messages forwarded annually has increased 
from six millions to twenty millions; and the average 
charge for an inland message has been reduced from 2s. 2d. 
to IS. 2d. Of words transmitted on behalf of the press 
upwards of 220,000,000 are delivered annually, as com- 
pared with something like 2,000,000 in the days of the 
telegraph companies. Those companies possessed about 
5600 miles of line and 49,000 miles of wire. The Post- 
Office possesses 24,000 miles of line and 108,000 miles of 
wire. But the number of instruments has increased in a 
still greater proportion — all of the companies together 

possessing fewer than 1900 instruments, as against upwards 
of z 1,600 worked by the Post-Office. The Wheatstone 

apparatus, hardly known or understood half-a-dozen years 

ago, and so essential for the carrying on of the news 

service of the country, has been introduced by the Post- 

Office to the extent of nearly 150 sets ; while the *♦ duplex** 

or double working system is in general operation through- 

6ut the country, and is in use in the central telegraph 

stations in London on no fewer than .75 separate lines* 

The pneumatic tubes of the old system were about 20 in 

number, and measured some 3 miles in length ; those of 

the Post- Office are 55 in number, and measure upwards of 

23 miles. Besides extending and maintaining its own 

system, the Post-Office has lent help in several diredions 

towards perfeding the' system of military telegraphs. It 

has thrown open a portion of its service to a detachment 

of the Royal Engineers, who have been trained, at its 

expense, to ered and maintain telegraph lines, although it 

is understood that these officers are in no sense necessary 

to the telegraph service of the coimtry, which could be 

equally well carried on minus the expense which the Post- 

Offiee is now put to in order to make iroom for them." 
Thus, thanks to the untiring energy of Mr. Scudamore, 
thie couatiy posiesaes an unrivalled telegraphic system. 
Mr. Scndamore hat, however, had great difficultf«l te coA- 
lend with* Hie etrength has been severely taxed, and the laying of the cable has been compleled, Jihrt 



now, after having been in the service df the Oovemment 
tor thirty-five years, the state of his' health renders it 
necessary for him to retire. Few men deserve a larger 
share of the nation's gratitude. 

The new convention and working regulations of the 
International Telegraph Conference will come. into opera- 
tion on the 1st of January next. The Convention, which 
is an International Treaty, and pra^ically unalterable 
between two Conferences, has been reduced from about 
I 60 to 20 articles, and now contains only the bare principles 
upon which the contrading Governments agree that their 
lines should be established and their messages inter- 
changed. The working regulations, which can be modified 
at any time by common consent, have been angmented by 
the 40 articles fi-om the Convention. The following are 
the principal clauses of the new Convention : — ^The ter- 
minal charge of Germany for eomespondence widi Fnoet 
and Russia will be 3 fr. ; the terminal charge of Austria 
for correspondence with Great Britain will be 2 fr. 50 c; 
the other terminal charges for European countriea remaia 
unchanged. A new rate of 7 fr. 50 0. ie Agreed upon fa 
Spain by the Direa Spanish Cable Company, and the 
transit rate by the cable between Barcelona and Marseillei 
is fixed at 4 fr. A word-rate 'has been Agreed to for all 
extra-European countries, and uniform terminal rates are 
fi)ced{for telegrams between Europe and India, viz.— For 
stations west of Chittagong via Turkey, 5 fr. per word ; to 
the east of Chittagong, 5 fr. 25 c. ; and Madras, 3 fr. 75 c: 
via Russia, the rates are le^pe^ively 5 fr-. 50 c, 5 fr. 75 d 
and 4 fr. per word. Between such countries as choose te 
jidmit it, provision has been made for a ** telegraph card'' 
of ten words at three-fifths of the charge for an ecdieicy 
to-word message, and under a similar restridion mgesl 
messages at treble. charge will be transmitted, and wil 
have precedence of other private messages between thi 
countries that admit them. By the pBynnoat d £1 ff 
year, ^e names and complete addresses of two cor- 
respondents can be inscribed in the books of two distint 
telegraph departments, and be thenceforth represented by 
a single word, which alone will be telegraphed and chai^ 
for. The Conference is the fourth of a regular triennisl 
series, the first of which was held at Paris in May, 1865; 
tha second at Vienna, in z868 ; and the third at Rome, ia 
1872. As we stated in a previous number, the next 
Conference will be held in London in I878. 

In reply to Mr. Monk, the Chancellor of the Excheqoer 
stated in the House of Commons on Monday evening last 
that the £'77,000 awarded to the Great Eastern Railway 
Company has been taken from the capital anthorised to 
be raised by loan under the Telegraphs Ad a few yesn 
ago. The powers of the Ad are not exhausted, and they 
are more than sufficient to OKet this claim. 



Mr. G. Von Chauvin, the manager of the Diied 
States Cable Company, writteg to the Timgs in reply t9 
complaittts abost the sUenoe naiateiaed fay the officisii » 
to the position of the cable, i^ysttkt nil pemHtt «MI 
names A{>pear on ihe tester ol shsr^holderei sni *te 
have made inqniries ttflinr pMsnanflynr liy letter A it 
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were transmitted over it at a high rate of speed between 
New York and London, but that a small part of the cable 
had been injured, probably by the kc, during the laying of 
the last portion of the deep sea cable, and that the con- 
traAotB were now cutting out and replacing the injured 

The reports of the Italian Telegraph Service sliow that 
its development has very largely Increased since iS6i, 
when the present constitution of the empire was esta- 
bliahed. The following extraded statialical table of com- 
parison will briefly show the increase : — 

1873. 
13,670 miles 
43-497 .. 

1800 



L«i^h of lines . . . . 
Length of wires .. 

Number of offices.. .. 
Number of instniments 
Government telegrams 



4971 n 



Priva 



telegrams per 






S.040.0' 



The total number of messages forwarded from Posta 
Telegraph Stations in the United Kingdom during th< 
week ended the 34th July, 1S75, was 446,531 ; during thi 
correiponding week of 1674 410,351; showing an in 
cicase in the week of 1S75 on that of 1S74, of 36,181. 



CORRESPONDENCE. 



To Ike Editor of Iht BUctrical Ntwi. 
Sib, — It will EivB me pleasure to read Dr. T. L. Phipson's 
paper, when lean obtain the Comptu Rendus. 

As, however, the independence of the galvanic taste 
aod chemical a^ioa was not the " conclusion " drawn in 
my paper, but rather the minor premise, it is difficult to 
see bow it can have been "anticipated." 

I am slad to have Dr. Phipaon s testimony to the Ia&, 

W. H. Stonb. 

14, DuDt Yard, Wtilmiiutcr, S.W., 
July 19, 1B7J. 



£U£CTRrCAL SCIENCE IN FOREIGN 
JOURNALS. 

(Tm catamn Is il(*el«I to ■ list of EIcftrl»l Mcnoln pub- 
liitKd in Fonin Jourads. Thou or impoiniDCc will be eiitiEr 
tnwslatcd ID fnlj DrgiTcainatnlr^.) 

'b&t^l** JiitUtut BtbdomadairltiaSianciidi PAcadimit 
3tt Scimeti. Vol. lixxi.. No. 3, July ig, 1875. 
tttfly to Bn ObiervuioQ by M. Jamin in hia Paper 
" Qb the DiilributisB of Magnetism in a Thin Plate 
of OrMt Ltacth."— J. M. GaHgaln.— M. Jamin said, in 
bia papar of aSth of June lasii that for some of his expeti- 
taenta he asarie cbotce of tbc motfaod proposed in iS^g by 
Van Rcaa, and addad (see ELBCmtdtb News, ¥o1. i., p. 36), 
*'lf>:OaqK>i'i bM adopted tbil plan Sritfaoat modification-" 
I wish to remark that I did not adwt Van Raes's method, 
for I tktm u m d It, WMk I wMMtOok toy Mearcbe* I 



upon Gramme's machine, I had no knowledge of Van Kees's 
labours ; they are not mentioned in any French work, and 
I do not think I am far wrong in saying that M. Blondlot 
was the first to bring them into notice in this country. 
From him I am led to understand that the various methods 
I used had been employed for a long time, with more or 
less important modifications, by divers foreign physicists 
—Messrs. Lenz, Jacobi, Van Rees, and Rethlauf. I do not, 
therefore, claim priority. The method I employed to de- 
termine the curve of the magnetic intensities is described 
In my memoir on Gramme's machine,* and consists in 
marking the bar into equal parts— 1 centimetre, for in- 
stance. I then moved an annular conduftor from one 
extiemily of the bar to the other, moving it only over one 
of the marked portions at a time, and noting the reading 
corresponding to each space so traversed. The curve was 
drawn by taking the measured bar-lengths for the abscissa, 
and the corresponding readings for the ordinates. Now,un- 
[ doubtedly, it is not evident that the intensity measured 
' by this plan is proportional to the ordinary magnetic 
I strength as measured by Coulomb's oscillating method ; 
but I have experimentally proved that this proportionality 
does exist so long aa we leave on one side the parts of the 
bar bordering on the extremities. As to the relation, that 
I I have admitted, between the curve of the intensities and 
the curve of the demagnetisalions, it evidently results from 
the mode of cDrstrufling the two curves, IfVanReesand 
myselfhavc been led to u&e the same experimental process, 
I we have been guided by different theories without inter- 
I preting the results In the same manner. With Van Rees, 
I the indii{^i()n current represents what he calls the Init 
maenctism, (',*., the sum of Ike magititic momentt belonging 
to tne part of the bar upon which his helix is placed. With 
me, the indudtion current Is that of demagnttisation, 
i.t., the current which would be obtained in the given 
position of the helix if the magnetism of the bar were 
destroyed. According to Ampere's views, which I have 
adopted, this current gives the measure of the soltnoidal 
current. In other words, if we imagine a solenoid of 
variable strengths, which possesses all the properties of 
the bar, the current of demagnetisation corresponding to 
a given point of the bar represents the streiwth of the 
current which courses the corresponding porfion of the 
equivalent solenoid. 

Poggndorff's Annalen der Pkysik und dtr Chimit, 
No. 6, 1875. 
Time of Expiration of the Polarisatfon Current. — 
Prof. J. Bernstein. — Suppose a constant current sent 
through a decomposition cell, and the ele£tromotive force, 
at a given moment, to disappear, it is required to find the 
rate at which the {lolariaation current diminUbea in 
strength from that point. The author describes a number 
of experiments bearing on this. It is shown, intir alia, 
that the curve of the polarisation current is only in the 
iirst moments an approximately logarithmic one 1 in course 
of time it departs more and more therefrom, while it sinks 
more slowly to the line of abscisSK. This is explained 
partly by the behaviour of the gas layers deposited on the 
eleSrodes, smaller quantities of gas adhering more tena- 
ciously to the metallic surface. The mode of absorption 
□f hydrogen by many metals, and the cha: ge of surface 
of the hydrogen eleflrode, also influence the phenomenon. 
From another series of experiments, it was proved that the 
cleAromotive force of polarisation in a closed circuit, re- 
sistance and surface of elefirodea remaining the same 
sinks the more slowly the greater its initial value ; wit^i 
increase of this, the velocity of disappearance, 0|> to the 
maximum of polarisstien, approximates to a minimum, 
.-ind with decrease it approximates to a maximDm. 

ObJeAiona taiaed againat Waber'a Law. — M. Nau- 
maoB.— Weber's view is that an eleOiic current coniists 
of the motion of paitidea of two Unda of alaAricity paaaing 
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through the wire in opposite direfti 

tide*, when they ue in relative mono 

auch patlictes foices diiTErenl fiom those 

exert in the canilition ol lelativc rest 

M. NauniBiin eicainines arc, one by Ti 

viz,, that Weber's law contradids the li . 

of energy; and two by Helmholu which cannot here be 

adequately suted. 



vhich they would I 

The objeiflioni ' 

it and Thomson, i 



SpeAral Analytic ResearcheB.— M. Bun«en.^The j 
author describes a battery and spaik arrangement, with 
which the aparJi speAmm may be obtained with (he same ' 
case as flame tpe^ra ; alto (in the second part, yet to ap- ' 
pear) methods by which the substances, whose spefira are 
to be accurately determined, may be prepared free from all 
impuriiies. 

Demo nitration of Alternations of EleAricity 
through Plame,— M. Fuchs.— The free end of an earth- 
cnnnedted secondary spiral is connected with the gold leaf 
of an eleflrometer; then, on sending the primary current 
in two direSiona, and interrupting, there occur four par 
ticular defleaions of the leaf, equal in amount. The wire 
connefting the secondary spiral with the eleiSrometer is 
next broken, and the two ends, furni«bed with eleifirodes, 
are placed in an earth -con netted flame. There is now 
a marked difference in the defledtions obtained ; these the 
author investigates. 

ContribulionB to the Tbeory of Laying and Tesiiog 
of Submarine Telegraph Lines. — Werner SiemenE. 
— Reserved for separate note. 



and that these par- i professor at Geneva, and A. Minnich. The i 

other used consisted of a galvanometer of 350 lums> inmlatcd 
■"""■'■' according to ProfesBor Colladon's system. The needle 
made a simple oscillation in fourteen seconds. For elec- 
trodes there were used two platinum wires of 16 ccnd- 
metres long, terminated by two plates of the same metal 
df rz square centimetres surface, and soldered to the wires 
by gold solder. (:]. The great thermal source of the 
Stadthof having been discovered, one of the platinum elec- 
trodes was plunged into it ; the other eledrode was im- 
mersed in the Limmat, and was joined to the galvanometer 
by about 35 metres of thick gutta-percha covered wire. 
The moment the circuit was closed, the needle, forcJUf 
propelled, described more than a complete revDlution, and 
,n a short time oscillated between 74°; afterwards, in pro- 
portion as the elei3rode became polarised by gaaeom 
globules, the reading descended to 72°, 60*, but it imme- 
diately rose ^ain to 70° on the platinum plates being 
cleaned by a brush. This experiment shows that tki hal 
aater iicaptt from tht ground in an tUelrifitd caiiditio%, 
the current going from the Limmat to the source ; tbal i*, 
the tource tuns negativity etecfrified. (2). Two sandilone 
vases, each of about G litres capacity, were placed side by 
side without touching one another. The first vase. A, was 
filled with water taken direiSly from the source, and was 
still very warm ; the second vase, B, was full of cold water 
from Limmat. The platinum elefirodos were introduced 
into A and B, and circuit completed through a piece of 
soaked cotton. At once the needle indicated a cuirent 
from the cold to the hot vase, in the same direAion as the 
current in the other experiment, Me 'lafmixerolvaf/rktsf 
negatively electrified. The needle oscillated at first be- 
tween ^-^'i gradually decreasing to lero wktM IkttlurmMi 
water became nearly c»td. The eleflrodes were then trsns- 
ferred to the other vases, to ascertain whether the weak- 
eniiig of the current proceeded from polarisation of the 
platinum plates ; it was thus discovered that polariuitio)! 
contributed but very little in that direaion. (3). Alt tlie 
With ' arrangements of the last experiment remaining intad, tbc 
a 1 thermal water, now nearly quite cold, v - -■ - - 



Researches on the Magnetism of Steel Bats.— 

Dt. Fromme. — Among other results, the author States that 
the magnctiaalion-funflion, fc, for forces which leave no 
remanent magnetism, decreases with increasing mag- 
netising force, or so that the magnetic moment increases 
more slowly than the. magnetising force. The funflion, A, 
has at first, with differently-elongated ellipsoids, very 
different values ; greater, the less the excentricity. i<'<>'- 
increasing force, these divergent values approi ' 

smaller hmlting value, which is sooner reached 

the steel use^. Again, for every remanent moment of a | by 
steel bar, there exist, from zero on, a series of forces 
towards which the steel bar has the properties of soft iron, 
In general, the rule holds that the saturation with remaner 1 
magnetism is sooner reached the softer the steel. But thi^ 
is comprehended by the more general one, that the numbei 
of necessary repetitions of aiftion of magnetising force in 
creades with the proportion of the attainable 

the force. , . „ ' , 

bneny referred 1 
Permanent Magnetic Moment of Magnetic Bats, July Sth. 
«nd the Haecket Formula- 



ached the harder 

I bv means o( ... 

, was observed on ike galvanometer. Thus, thennal 
water that has grown cold and is artificially warmed agiii, 
has lost its eleftrical properties. (4). The apparatBtti 
before. The vase A was filled with hot water charged widi 
carbonic acid, and B with cold river water. The galvaoo- 
meter gave no reading. Thus, the cnrrenl eburtrd is 
(3) results neither from a thtrmo-elecirie current (as esti- 
the'"orrrin7Ca'ireadV'pr%aViirberOTe'aa7o'n^ blished in the third experiment), nor .^iw. a /ortii 
action of carbonic acid on the platinum tleetrod*. 
' ' " ' ■ " these researches 



— M. L. Kiilp. — Not suited for abstradion. 

Influence of Texture of Iron on its Msgnetism. — 
M. Kiilp,— Two iron bars of very different etruSare were 
experimented with, but the difference in no way affedled 
the amount of the induced moment. 



Les Mondis. Vol. xxxvii.. No. is. July 2S, 1S75. 

Magneto -Chemical Phenomena produced within 
Rarefied Oases in Geiasler's Tubes by aid of Induced 
Currents.— J. Chautard.— See page 45. 

Some Esperiments on the Bledlricity of the 
Thermal, or Hot, W>ten.~-Alt the following ex 
ments have been lately repeated at Sorbonne befc 
meeting of lavmili. They were originally made at Baden 
on the ijtb and i6th of OOober, 18G4, by MM. Thary, 



yournal of the Franklin Inttituli. Jnlj, 1875. 
Mechanical Equivalent of Hest.— M. Jules VioUe. 
Translated from the Rrvut Induttriellt. — If in friOkn ac 
see an excellent example of the transformation of wiMk 
into heat, the inverse transformation of heat into work s>- 
pears more evident still in thermic engines, especislhr ■ 
those which are moved by steam. Him has succeeded ii 
measuring with great exaAness both the Heat commBSi- 
cated to the boiler of a steam-engine and the total woA 
performed by the engine ; but the steam-engine it by H 
means the only thermic motor employed in the indnniiil 
arts. Eleiflro- magnetic engines may also be regarded M 
thermic machines, deriving their power froai the beat 
evolved by the solution of the zinc in each cell of the bsl- 
tery, and transposed throughout the cirtmit by means rf 
the current. The expeiimentt of Favre* have shows, HS 
most satiafaaory manner, that it it at the expeoie of s 
certain quantity of this beat that an eleAro-magnetic ea^* 
.c__,__. , . = -IM* 






echanical wnic; and ii 
•HMMM*il(CMarii«if<'nftf(w,m„d,a)kS«(. 
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performed, and the corresponding absorption of heat, Favre 
has obtained another value for the mechanical equivalent 
of he^t, 443. This number differs but little from the exadt 
value. It is also possible to deduce the numerical value of 
the mechanical equivalent of heat simply by measuring 
the heat evolved in a wire through which an elediric cur- 
rent passes. According to the law of Joule* the heat 
evolved by a current is proportional to the produd of the 
square of the strength of the current by the resistance of 
the circuit. Clausius has shown that the coefficient of 
proportionality is the exsL&, reciprocal of the mechanical 
equivalent of heat.f If, then, we measure at the same 
instant the heat which a given current produces, the 
streng^ of this current, and the resistance of the circuit, 
the equivalent sought can be easily calculated. This has 
been done by Quintus Icilius,^ who, making use chiefly of 
Weber's researches, || has obtained 392 as the equivalent. 
The difference of this value does not exceed the limits of 
uncertainty attaclyng to the use of the large number of 
constants which it is necessary to determine, and which 
themselves are not easy to obtain bv experiment. Instead 
of having its origin in the chemical reactions taking place 
in the cells of the battery, the heat produced by eledrical 
currents may be itself the result of a dired transformation 
of mechanical work. It is this condition of things which 
takes place when, by the expenditure of a certain amount 
of work, a conducing wire is moved in presence of a mag- 
net or of a current. The heating which has been produced 
under these conditions has been measured by Joule, by 
means of a tube full of water revolving between the poles 
o( an eleAro-magnet.§ The number obtained by Joule, 
460, is a remarkably close approximation. Le Roux has 
repeated these experiments, making use of the powerful 
magneto-eledric machines of the Alliance Company. IF 
Foucault, had, however, long before, given to Joule's ex- 
periment a remarkable form, in which the heating becomes 
manifest in a very short period of time. Between the 
poles of a powerful eledlro-mag^et Foucault* * placed the 
rotating disc of a gyroscope. This disc is made of bronze, 
having a toothed pinion upon its axis, by means of which 
it was conneded with a train of wheelwork, in order to 
drive it. By means of a crank, worked by hand, a velocity 
of 150 to 200 turns per second can easily be given to the 
disc. In order to render the adion of the magnet more 
cffedive, two pieces of soft iron — placed above the bobbins 
— lengthened the magnetic poles and concentrated the 
force m the vicinity of the rotating body. When the ap- 
paratus is put in motion with a high velocity, the current 
of six Bunsen cells passed through the eledro-magnet 
arrests the rotation in a few seconds, as if an invisible 
brake had been applied. This is really the experiment 
first made by Arago,tt and developed by Faraday. If now 
the crank be forced to turn, in the attempt to give to the 
apparatus its former velocity, the resistance encountered 
requires the application of a certain amount of power, 
which, disappearing as such, accumulates effedively as 
heat in the mterior of the revolving body. By means of a 
thermometer inserted in the disc the progressive elevation 
of the temperature may be followed step by step. Having 
taken, for example, the apparatus at the surrounding tem- 
perature of 16* C, the thermometer was seen to rise suc- 
cessively to 20°, 25**, 30', and 34". Then the phenomenon 
had become so developed as not to require the use of ther- 
mometric instruments. The heat produced was sensible 
to the hand. Some days afterward, the battery being re- 
duced to two cells, a flat disc made of copper was raised 
in temperature, during two minutes of motion, to 6o'. 
Two conditions only are necessary and sufficient to makp 

* PhUosopkical MagaMim, III., xix^ 260, 184X. 
f Poggendorff*» AnHoltn, Izxzvii., 4x5, 1852. 

t Poggmdorff*sAHnaleH,ci.tZ9fl^57' „ ,,, 

I Weber, *' Elearo-dynamitcbe Maaebeetimmonfen." {Mem. tU la 
Soc RoyMU SMionn§ de Seienctt.Leipxigt 1836, tome v.) 
i PhilcMophieal Magturint, III., xxiii.. 263, 434f 433.1843- 
t Oamptm Rendus hs SUmctt de^ FAcademu de$ Scknui, x., 4x4, 

^ AmuOa d$ Chimu $t ds Phytique, III., xlv., 3x6, x85S. 
H AmsOn de CkimU $i d$ Phftiqne, II., xxiii., 319, x8a6, 



it certain that the heat evolved in this experiment is the 
exad equivalent of the work expended in maintaining the 
rotation uniform : — i. It is necessary that the disc should 
be, at the end of the experiment, in precisely the same 
condition as at its beginning. 2. It is necessary that the 
heating of the disc should be the only effedl produced. 
Both these conditions are satisfied in the experiment. But 
a serious objedtion presents itself, — an objedion which 
Joule himself first suggested, and by which he accounted 
for the disagreement of his experiments with this method. 
We have, in fad, negleded, up to the present time, an in- 
termediate phenomenon : the motion is transformed into 
heat only by means of eledricity. The immediate adion 
of the eledtro-magnet upon the disc when in motion is to 
develop in it, by indudion, eledric currents ; and it is 
these currents which heat the disc. If, however, it were 
true that the work expended to maintain the rotation of 
the disc was transformed entirely into eledricity, is it quite 
certain that all this eledtricity is transformed into heat ? 
In order that it may be, it is necessary that the heating of 
the disc be the only effed produced by the currents. But 
even if the currents thus generated within the disc do not 
cause either luminous phenomena or perturbing mechanical 
efleds, have we not to fear that they will give rise to phe- 
nomena of indudion, thus creating by their influence 
eledric currents in the two polar masses of the eledro- 
magnet } By experiments specially instituted to test this 
question,* Foucault has shown that as soon as the velocity 
of the disc becomes uniform there are no indudion -currents 
circulating in polar masses of the eledro-magnet, and 
hence, consequently, there is no readion between the disc 
and the eledro-magnet. These results have since been 
confirmed by dired experiments made by Jacobi.f In 
every experiment, as soon as the disc attains the uniform 
velocity which is maintained throughout, the eledric cur- 
rents which are developed by indudtion in this disc main- 
tain a constant intensity, and preserve in space a constant 
position. These currents may therefore be considered as 
absolutely fixed so soon as equilibrium is reached. It is 
the displacement of the material of the disc with reference 
to these currents which produces the heating which is ob- 
served. But if the currents do not change, either in 
strength or in position, there certainly can be no effect of 
induction produced on external condudors, — a conclusion 
which dired experiment fully confirms. In consequence of 
these fads the author was led to the belief that he could 
employ advantageously Foucault's apparatus for measuring 
the mechanical equivalent of heat.;^ And by means of it, 
using discs of various metals, he obtained with copper 
435*2, with tin 435*8, with lead 437*4» ^"^ w»*h aluminum 
434*9. The experiments made with the discs of copper 
and of aluminum being worthy of more confidence than 
the others, the author proposes 435 as the mechanical equi- 
valent of heat. 
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A PROSPECTUS has been issued by the diredors of the 
Eastern Extension, Australasia, and China Telegraph Com- 
pany, offering 3200 debentures, amounting altogether to 
;(32o,ooo, at ;£'ioo each, and bearing interest at the rate 
of 6 per oent. This amount is required to provide the 
cable which is to conned Australia with New Zealand. 
Shareholders are allowed the option of subscribing in the 
first instance. 

At the special general meeting of the Western and 
Brazilian Telegraph Company, held at the Cannon Street 
Hotel on Friday last, the chairman said he had to submit 
three resolutions. They were for the purpose of enabling 

* AnndUi de~ChinUe et d§ Physiqiu, September, 1870 

4 CompU* Rtndm dts Siances d$ FAeadtmU det Sci$Hcgs, January, 

X872. 
I ComptM Rendus des Stances di PAc^demie dti Sciencts, Jone, 

Joljr, X870. 
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msDt dated May, 1873. between the company and 
PUle and Brazilian Tdegiaph Company. The company 
had debentaret to the amount d{;£'25o,ooo, of which about 
£301,800 were iBstied. The company's repaiiing ship had 
coat ;if30,ooo, her fitting-up a furlheT Bum, and the spare 
cable on board was worth £i^,ixio. They proposed that 
the reseive fund ehoutd pay for the ship, which would for 
the present represent the reserve fund. Resolutions were 
adopted enabling the directors to increase the capital of 
Ibe company by the addition of £^S,ioa, divided into 
6g,gio aharee of ;£'io each. A leaotution for (tie purpose 
o? giving fuither borrowing powers to the boafd, but with- 
out thereby increasing the present debenture issue, was 
also agreed to ; the borrowing power is not, however, to 
exceed ;£6o,ooo current al one time. 

The half yearly interest on the debentures of the Western 
and Brazilian Teiegrapb Company, Limited, due on the 
lU proximo will be paid on and after that date at the 
offices of the company. 



I Euciuc^L Hxn, 



France, for an invention of " Improve mcnta i 
magnets."— Dated July 17, 1875. 

NOTICES TO PROCEED. 



of ■■Improvemen 
apparatus." 

228G. Thomas Glazeb rook Rylands, and Israel Swindellt, 
analytical chemist, both of Warrington, Lancaster, have 
given notice in respefl of the invention of " Improvements 
in the mode of recovering certain chemical produag &am 
the waste produds obtained in the processes of galvanisiof 



tph.— It is but ; 






two ago since the Post Office established a compl^ tele- 

. , graph service in the Camp at Wimbledon. Yei the 

The estimated gross receipts of the Anglo-American growth of the business, as evidenced by the work dwe ia 

Telegraph Company for the 21st in«t. amounted to ;£i57o, connexion with the recent meeting, has been somewhat 

OD the 22od to ;£i6oo, on the zjrd to ;£i3oo, on the 14th remarkable. In 1S72 Eome 3000 messages, and less tluta 

to £1400, on the 25th to £350, on the z6th to £1120, and So.ooo words of news for the press, were iransmUted bom 

in llw 27th to £iS90, against an aflual average, in July, the Camp, as compared with upwards of 500a i 



1874, at 4S. per w 



if ;£l826. 
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PATENTS. 

APPLICATIONS FOR LETTERS PATENT. 

2518. Sir Samuel Canning, Knight, civil engineer, Great 
Winchester Street Buildings, London, and Henry Francis 
Joel, engineer. Lavender Grove, Dalston, Middlesex, for 
an invention of "Improvements in pneumatic signalling 
ot communicating apparatus, and in the mode of and 
apparatus for teslmg the transmitting tubes for the same, 
applicable also to the testing of gas and other pipes or 
tubes."— Dated July 13, 1875. 

^546. Uatthsw Smith and Michael Holroyd Smith, wire 
nuntilafturars, both of Halifax, York, for an invention of 
" trnpTovements in apparatus to b« employed for annealing 
wire and continuous strips of metal, and for heating for 
the puipdM of hardening and tempering the same." — 
Dim Jiily i|, 1875. 

3j«4. inteophiU Adolphe Hequet, engineer, Puis, 



ages and 20,000 words of n_ _ ___ 

mitted; but there were other days of the meeting wheo 
the press work was even heavier, as, for instance, on the 
eecond day, when it reached 21,000 words, and on the 
fourth day, u^ien it was Just under that numbci. A new 
feature was introduced into the arrangement this year by the 
adoption of the Wheatsione automatic instnuoeat tof th* 
rapid disposal of press messages. This apparatus is pecu- 
liarly adapted to the kind of telegraph work which aiiMtia 
connexion with the Wimbledon meetings, as the eUboratc 
sowings, after being once piepaied on the perforated 
paper, can be used for the transmitting machine aay 
number of times. By this means press messages wot 
sent direiS from the camp to XJondoa, Uanchester, 
Birmingham, and other towns on each day ot the meeun|, 
and a form of apparatus new to the Camp office wis 
regarded by the officials of the Association and the prtu 
correspondents with peculiar interest. Three wires, made 
equal to four by the use of the Wheatstone apparatsi, 
were constantly at work at Wimbledon during the meet- 
ing, and Hve clerks of the special telegraphic staCf of the 
Post Office laboured incessantly from aarly mom uitil 
'• lights out," and sometimes even later, to keep down ihs 
mass ot work which flowed into the office. The t^gnpk 
and post offices adjoin each otner in the building occupw 
from year to year by the Royal Ensinecia and otlMr 
officers of the National Rifle Association, aiMl biMh ban 
became indispensable adjun^e to the machinciy of Ik* 
great volunteer gathering. — Standard. 
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Since the day when Eledlricity was first disco- 
vered, until now, its vast importance and its 
high destinies have grown upon the human 
mind. Fresh phases of its power, fresh results, 
new means of obtaining and governing its 
a(5lion, and multiplied ends to which it may be 
turned, have constantly discovered them- 
selves ; till to-day it stands out as one of the 
grandest subje(5ls presented to the scientific and 
practical world for investigation and research. 
Perhaps, however, no other Science or Art 
has exhibited so extraordinary a concurrence 
of anomalies. It is at once the most ter- 
rible monster and the most humble and 
obedient servant , its ac^^ion is at one moment 
beneficial, at the next destrudlive ; its range is 
boundless, yet it may be ** cabined, cribbed, 
confined *' at ease ; it is everywhere present, 
while its nature is only imperfectly understood ; 
and, to crown all, although it is one of the most im- 
portant agents in the adtion and the phenomena 
of the universe, and increasing knowledge of 
its applicability to the needs of our race is of 
the utmost importance, no dire(5l means of as- 
certaining the thoughts and discoveries of its 
students, or of bringing them before the scien- 
tific and mechanical community, at present 
exist. Attempts have been made to supply 
this want, and journals have been started 
with the professed obje(5l in view of making 
public all that is known or can be learnt 
of Electricity in all its branches. But they 
have degenerated into unscientific records of 
unimportant events, and the purpose for which 
they were established has been lost sight of. 
Thus it comes that — while Engineering, Che- 
mistry, and other Applied Sciences have all 
their representative recognised organs — ^the 
Eledtrician finds himself without any current 
journal from which he can learn the events 
which are daily occurring of peculiar interest 
to himself. 



Such a want has now been supplied by the 
establishment of the Electrical News and 
Telegraphic Reporter. In its columns will be 
found the most valuable opinions of eminent 
Ele(5tricians and scientific men all overthe world. 
Articles will be contributed which will be of value 
not only to those who study Eledtricity as amateur 
experimentalists or scientific inquirers, but also 
to those whose daily life is bound up with the 
advancement of practical knowledge in all de- 
partments of the science, and who as elec- 
tricianst telegraphists, ele(5trot^pers, ele(5trD- 
platers, and chemists have continually to deal 
with the same marvellous agent of force in 
different ways. Nor will the doings of foreign 
societies be ignored as in times gone by, bat, 
in the shape of carefully prepared abstracfts, 
their proceedings will be presented to our readers. 
Every opportunity will be given for the bcahfa- 
ful discussion of the science in all its branches, 
and a fair unbiassed course will be steered in 
all questions of dispute. 

This, then, is our Programme in brief. More 
we could promise, but prefer to let the new 
periodical speak for itself. The 8ubje<fl with 
which it will deal is of too great importance to 
need one word of recommendation. Daily ez- 
4)erience teaches us that we are as yet on the 
threshold only of a vast expanse of eledtricsi 
knowledge. This has to be explored, and u 
the research gains in strength and intelligeooe 
the results will be far beyond all present coo* 
ception. The feat of girdling the earth in 
forty minutes will be eclipsed by great deeds 
yet to be done, and if the eetablishmetit of 
the Electrical News and Tblbgsapbic 
Reporter conduces to the hastening of this 
desirable end our objedt will have htca gaiaeili 
and we shall be fully rewarded. 

Boy Court, Ludgate Hill, Londoiis B.C. 
y^dy itt, X875. 
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THE ELECTRICAL NEWS, 



Vol. I. No. 6. 



ON THE CHANGES OF TEMPERATURE WHICH 

OCCUR IN PASSAGE OF AN ELECTRIC 

CURRENT FROM ONE METAL TO ANOTHER. 



The temperature-effecfl here denoted difTers from that in 
passage of a current through a homogeneous condudor, 
inasmuch as it may be a cooling as well as a heating. 
The phenomenon was first observed by Peltier, in 1834. 

Poggendorff showed that it must be closely connected 
with thermo-eledricity, for heating took place at the 
juncflion point of the two metals, if the galvanic current 
flowed from the positive to the negative metal (according 
to the thermo-eledric series), ^./f., from antimony to 
bismuth ; and cooling, if it flowed in the opposite diredion. 
Thus it appeared that in the circuit wire there was a 
tliermo-eledric excitation, the diredion of which was 
opposite to that of the hydro-eledric current. 

The experiments of Quintus Icilius on this subjed in 
1853, and those of Frankcnheim shortly after, have been 
revised and criticised by Dr. Bufl", in a recent instrudive 
paper to Poggendorff' s Annalen. 

Quintus Icilius made a galvanic current of known 
strength pass, for thirty seconds, through a thermo-eledric 
battery of antimony and bismuth bars. Thus opposite 
changes of temperature were produced at the odd and the 
even solderings, and the efTed of these was measured 
galvanometrically. From the observations it was inferred 
that the diff"erences of temperature of the odd and even 
solderings remained independent of the absolute heating 
of the metals, and were in dired proportion to the strength 
of the producing current. 

There was, however, a slight but distind increase of the 
quotient of thermal efied by strength of current, as the 
latter was increased. This Quintus Icilius recognised, 
but did not explain. 

Dr. Buff arranged his experiment thus : — Using a very 
sensitive astatic galvanometer, he did not require more 
than a single pair of cylindrical bars (5 m.m. thick). 
These were planed and bound together with the flat 
surfaces opposed. To the outer ends thick copper wire 
was soldered, through which first the principal current 
was passed (thirty seconds), then, by a quick transference, 
the wires were conneded with the astatic galvanometer. 
The thermo-eledric couple was placed under a metallic 
vessel, to avoid currents of air. A careful comparison was 
previously made of the indications of the astatic galvano- 
meter with those of the tangent compass in the primary 
circuit. A defledion of i' in the former being regarded as 
proportional to defleding force i, it appeared that up to 
21® the defleding force might be measured by the amount 
of the defledion. For greater deflcdions a necessary 
corredion was made. 

The general result was a gradual increase of the pro- 
portion of thermal effed to the strength of the principal 
current ; thus it might seem that the temperature changes 
at the transition surface of two metals in contad were 
approximately, but not exadly, proportional to the strength 
of the producing current. Dr. Bufl' finds an explanation 
of this. " The thermal efi'eds," he says, " at the different 
points of jundion of a thermo-eledric battery, which take 
the form now of heating, now of cooling, and which we 
may denote by y, are always accompanied by heat adions, 
which are dependent on resistance to condudion, and, it 
is known, are proportional to the square of the strength of 
current. This second kind of adions, which we may call 
jT, are of course without influence on the galvanometer, 
when they are of equal strength at all the points of principal 



jundion ; on the other hand, when the places of contad 
are of unequal nature, they must become more and more 
perceptible with increasing strength of current, for their 
unequally adive influence increases with the square of the 
strength of current, while that of y increases only in dired 
proportion to it. Now such inequality was undoubtedly 
present in the thermo-eledric pair described ; for at the 
two ends copper wires were soldered^ while in the middle 
antimony and bismuth were only touching each other 
with plane surfaces, though of course pressed together* 
1^0 remove any such disturbing influence, as n^uth as 
possible, two bars were now soldered together with easily- 
fused metal, and the experiment repeated as above." 

From the numbers given in a table it is shown, that 
through this intimate connedion of the two bars, and the 
increase of points of contad at the- bounding surface, the 
irregularity referred to is completely removed (at least 
within the limits of current strength seleded). Hence the 
author considers it demonstrated that ** the change of 
temperature in passa^^e of the eledric current from one 
metal to another obeys the law of proportionality to the 
strength of current more exadly, the more completely 
other causes of excitation of heat at the place of contad 
are excluded." 

Frankcnheim (as above stated) also studied this subjed. 
After trying various modes of experiment, he finally 
decided to use Peltier's cross ; which consists of two bars, 
bismuth and antimony (or the like), laid crosswise one on 
the other, and soldered together. Two neighbouring ends 
are conneded with a galvanic battery and tangent compass, 
the two others with an astatic galvanometer. 

Frankcnheim considered that at the crossing point 
there were two heat efTeds ; that due to ordinary resist- 
ance, and that dependent on passage from one metal to 
the other. The former (x) was independent of diredion of 
the principal current ; the latter (y) changed sign if the 
diredion of current were reversed. Hence two equations 
x-\-y — a^ and x—y = h^ with the aid of which both x and^' 
could be deduced from proper experiments. 

Dr. Bufl" considers that Frankenheim's experiments are 
invalid, because he sought to measure the temperature of 
the crossing point while the principal current was passing. 
(He held the other method liable to mistakes wnich did 
not allow of being calculated. The nature of these 
mistakes he did not explain). 

F'rankenheim, again, thought the current measured by 
his astatic galvanometer purely the efied of thermo- 
eledric adion. But (Dr. Buff says) it is really in great 
part a branching of the principal current. In repeating 
the experiment it will be found that the adion on the 
double needle occurs with the greatest part of its strength 
immediately after closure of the principal circuit. If we 
measure the amount of the first defledion, then interrupt 
the secondary circuit, and renew the experiment after the 
needle has come to rest, we generally observe only a 
slight change in the amount of the defledion from that 
first noted. A thermo-eledric excitation must, doubtless, 
meanwhile occur ; but it can only be made distindly per- 
ceptible after exclusion of the principal current, and by 
shortening the circuit of the thermo pile. Again, a mere 
momentary adion of the principal current proves insuffi- 
cient to produce, afterwards, a distind dcnedion of the 
double needle ; whereas, the galvanic circuit being kept 
closed for some time, there is a gradually increasing 
defledion of the double needle. (Dr. Buff mentions other 
fads as indicating that in the secondary circuit of the 
Peltier cross a branch of the principal current is present 
in considerable quantity). 

If, now, in an antimony-bismuth cross, the principal 
current goes from antimony to bismuth, its branch jr 
pursues its course through the antimony bar forwards; 
and the same diredion is taken by the thermo current 
depending on x and^', since the place of contad is heated 
by both influences. Hence the adion on the galvano- 
I meter is expressed by the equation A =;r-t-y-f«* li \.Va. 
current U ^^t\V Vcv \Jci ' ^vt^^vw^ Nsv^xscsiS^ V» 
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antimony, the branch current j goes onwards in the 
bLsmuth har, and unites in its progress to the galvano- 
meter with the thermo current due to the eleflro-moti^v 
aftion y, for this now goes from bismuth to antimony. 
On the other hand, the eleSromotive force x, i.e., thu 
heat efTedt dependent on resistance at the place of cantadl 
has its former direction from antimony to bismuth. The 
whole a^ion on the needle is accordingly now expressed 
by the equation U = x—y — x, We thus see that the equii- 
tions A and B are well fitted for determining x, but thiii 
X and y do not allow of being separated. Hence what 
Frankenheim found proportional to the strength of the 
hydro-eleflric current, was teally a branch of the 
latter. 

Dr. Buff experimented with the Peltier cross thus :— The 
principal current (with three different strengths) was made 
to circulate alternately from antimony to bismuth and in 
the opposite direiiion, for thirty seconds. Then the 
circuit was broken, and in the same moment the thermo 
circuit closed. The cylindrical bars were at first merely 
In contact, with moderate pressure. 

The direflion of the deflexion was in all cases the same, 
and corresponded to a heating of the crossing point. The 
values of i and y were in each case calculated, and thev 
are seen to be sufficiently near to the law above stated tu 
exclude any other combination. 

It seemed desirable to alter the cross so that the electro- 
motive foree y might have greater influence; this was 
done by pressing the bars hrmly together with planed 
surfaces in contact. In consequence of this arrangement, 
the astatic needle changed its direction as often as the 
principal current went, before interruption, in negative 
llireflion, i.e. from bismuth to antimony, and therefore 
produced a fall of temperature. Vet it was evident thai 
the heating of the place of contaA due to resistance to 
conduftion, which had onl)^ a small influence in the case 
of weaker currents, quickly increased with the currents till 
it became equal to the ai3ion y, and would even have 
exceeded it. A prolonged time of aftion operates in the 

Similar observations were made with the two bare 
soldered together, and the exneiSation that the heat adion 
due to resistance would thus be more prominently brought 
out was confirmed. Apart from the lud that this method 
enables one to completely separate x and v, the soldering 
of the bars (Dr. Bulf remarks) gives no advantage. The 
heat developed in the two branches of the cross, through 
which the principal current circulated, was brought to the 
point of contaa more tjuickly than in the previous experi- 
ments, and so the afiion of cooling could not reach its 
full development. 

The phenomenon of healing and cooling at the place of 
contaa of two metals, according to the direilion of ihi 
current, has not hitherto had any salisfaflory explanation 
Dr. Buff supposes it due to the same cause, as man) 
physicists consider the source of lhermo-ele£tric currents, 
namely, the thermo-eleilric excitation, and a corresponding 
thermo-elefiric difference at the place of transition between 
two heterogeneous metals. He enunciates the law that 
the liberation of heat is in proportion to the quantity of 
eleftricity put in circulation in unit time, multiplied by 
the eleiAro-motive foree of the battery. At each transition 
point between one metal and another, a thermo'eleflric 
exciting force is manifested of the same or opposite 
direflion to the propelling force of the circulating current. 
If the latter, e.g., is compelled to pass over from antimony 
to bismuth, it finds a resistance at the limit of the two 
metals ; for, at this part, a continuous excitation prevails 
to set in motion an eleflric current in the direflion from 
bismuth to antimony. This resistance, added to the 
resistance to condudion also present, results in accumula- 
tion of the eleflric foree at the part in question, and so a 
development of heat. This increase of heat at the 
(imflioa surface of the metals, if compared with that at 
Uiy other part of the same circuit, is in proportion to the 
afyOfo-motive aaho at both parts. It is therefore pro- | 



portional to the strength of current, and not to the square 

If the eleflric current passes from bismuth to antimony, 
the exciting force at the limiting surface of (he two bodies 
has the same direflion with the motion of the eleflricity. 
This lorce therefore comes to be dedufted from the foree 
necessary to equalising of the ordinary resistance. Thni 
it may happen that the resistance at this part not only 
disappears, but even acquires a negative value. 



CAUSES OF DESTRUCTION TO WOODEN 
POSTS. 

Dy M. BOURSEUL, 

Sub-Inipeftor of French Telegraphs. 

(Concluiled [cam pige 41). 

I HAVE often observed on razed trees upon which the baik 
has been left that the bita, or inner bark, has withered ; 
consequently the fibres of the wood tend to close up 10 
each other, whilst the drier and harder core preserves its 
volume; the bUa splits, and the bark opens. From the 
surface the germs of destruflion are washed away by lain, 
or carried off by wind ; but in these interstices they lodRe, 
fruflify, and in a short time produce the fungus. The 
same thing naturally takes place when two pieces of wooj 
are brought together.' In dep6tB poles are placed hori- 
zontally one upon the other: ifthe^remain too Ion;; in 
the same position, tvai ichtn ikcy do not lie imaudiaiti} 
upon the ground, — if they are exposed to rain, or, beini; 
covered, if they are in the shade in a damp, badly-iirei! 
spot, the fungus asserting itself soon develops at all iht 
points of contaft between the poles. Should care not be 
taken, and the poles be planted in that condition, il will 
not be long before they perish : cross-beams should iheie- 
fore be mistrusted in telegraph poles, &c. 

When, under exceptional cireumstances, poles are ob- 
liged to be left stored in a depQt, they should be tuminl 
from time to time, so as to change their points of conlad 
nd successively expose their different parts to the hghl; 
nd when the fungus has begun to develop itself, it is In- 
ispensable that the afllifled pan be cauterised, either by 
nre or by sulphuric acid. 

When once the Mernlus attacks planted poles it is vtry 
difficult to preserve them. The moment the authorilits 
charged with the surveillance of the line observe at the 
foot of a pole the existence of tho:;c filaments which de- 
note while decay, they should lay bare its foot until IJiey 
meet with no further trace of mycelium in the soil ; ibe 
whole of the infefled earth should be thrown to a distance, 
jnd every bit of contaminated wood should be taken aviy 
by the help oT a cutting tool-t Then bum shavings or 
branches, and replace around the pole earth as compid, 
clayey, and free of air as possible. Alternate layers of 
clay mixed with water, of slates, or flat slones, will com- 
pafl the whole together, and form a kind of natural con- 
crete, often sufficient in Itself to completely preserve the 

Because the fungus, in order to vegetate, requires actesj 
to the atmosphere, it is not developed below a certaii 
depth, varying from 30 to 50 cm.,* according to the 
nature of the soil. In grounds where the wood is usually 
attacked we must— without waiting till the " tot " hai 
commenced — renew the earth at intervals, and well ram 
it down. The best instrument will evidently be the least 
weighty one. and one which, without burying itself in the 
soil, possesses the least possible surface. 
By turning over and renewing the earth at inter%-als iH 

• In di^uble poJeg the croH-beami ire coupled with «ch a(tb> 
I A cultinr; spade, tiriieht, but roDndcd ■ liltle'lonardi Ibe end. 
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injurious vegetations are destroyed ; and for the same 
reason brambles must be removed, as also shrubs, since 
these not only produce an injurious eflfedl by their roots, 
but they hide the foot of the post from the light, hinder 
circulation of the air, and maintain a constant dampness. 

These operations will considerably retard the destruc- 
tion of timbers, and will very often preserve them from 
*• rot.'* It must not, however, be denied that it is very 
difBcult to combat the fungus when once the pole is at- 
tackec ; and to make sure of guarding against it, the 
surface of the wood must be entirely isolated from the 
•water and air which surrounds it. To this end a hole is 
made around the pole, in the form of a reversed cone, to 
a depth of about 50 cm. This hole is filled with con- 
crete or cement, and the block is capped above the level 
of the soil by an inclined surface, upon and from which 
the rain water glides. The joints near the timber should 
be attended to with ercceptional care. 

Iron mufHes used for the same purpose are dear ; 
moreover, for reasons to be hereafter detailed, their use 
offers serious inconveniences. I have obtained very satis- 
fadlory results by first coating, with coal-tar or with paint, 
all those portions to be preserved, and afterwards covering 
them with a sheet of zinc, soldered to the joint, and 
firmly fastened above and below. 

The line overseers have often assured me that the 
raising posts always rot in a greater proportion than ordi- 
nary supports. At first this seemeJ impossible; but it admits 
of easy explanation. These posts are most often placed 
close to culverts which lead to property on the banks of 
a river. The lime and sand used in their construdion 
mix with the surrounding soil in quantities sufficient to 
cause wood-rotting, — an adlion which is also facilitated 
by an alternate dryness and moisture, resulting from the 
close neighbourhood of the trench. We should therefore 
be careful not to plant wooden supports too near culverts 
or arched drains. 

We ought equally to abstain from the fashion of 
planting a new pole in a hole from which a rotten one has 
been taken. The germs of destrudtion being close at 
hand, the second pole will perish yet more rapidly than 
the first.* 

The praftice of breaking off rotten poles level with the 
ground is very bad. They should be plucked out entire ; 
the diseased parts should be burnt or carried away ; the 
old hole should be filled up, and rammed down ; and the 
new pole should be planted at least a yard from the locality 
of the old one. If rotten sleepers or cross-beams and the 
ends of posts are left about, the filaments of the mycelium 
— in light or cracked soil — force their way through the 
ground in a manner and to '^ distance one would have 
deemed impossible, and will soon invade unaffedled 
localities. 

It may be remarked that when once a pole has been in- 
jured by wet-rot, if it be carefully take.i up and all the 
rotted portions sawed away, and if it be replanted at a 
sufficient distance from its former position, it will not, in a 
usual way, be long serviceable : it will soon recommence 
to perish, as it is almost impossible to prevent some 
destrudive germs remaining in the fissures of the wood. 
The evil is greater still if, instead of replanting the wood 
at once, it be left exposed for a certain time to the air. 
In such a case it is not worth its carriage. Once re- 
planted, it almost always perishes with very great rapidity. 
If I have succeeded in laying bare the nature of the 
evil to be fought against, we understand how much easier 
it is to be prevented than to hunt it away when once it has 
made its appearance. It seems to me almost certain that 
among the numerous coatings known and used to prevent 
dampness, one can be found capable of preserving buried 
woods ; and supposing, which is very probable, that this 

* These observations show that the problem of the preservation of 
telegraph supports becomes more and more difficult to settle, for 
every day the quantity of matter in decomposition which may accele- 
rate rot increases in ^ound in close proximity to railways, as much 
from the decomposition of the sleepers whi||h support the rails as 
from the rot of the first set of poles planted. 



coating would require to be renewed at longer or shorter 
intervals, its use would still effeds a considerable saving. 

Coal-tar has not been successful. I have reason to be- 
lieve that it has not generally been well applied. The tar 
ought to be used hot, though it should not be allowed to 
boil too long, lest it lose the essential oils which alone as- 
sist it to enter into the wood, and lest it become reduced to 
a substance in all points resembling bitumen. The wood 
should be well heated. By this means moisture is dis- 
persed, the pores are opened, and the material by pene- 
trating forms an adhering and resisting layer. A single 
thick layer has a very bad eflfedk ; repeated and light layers 
should be given, though it is a difficult operation. For 
want of following out these precautions we simply lay on 
the wood a coating which is separated from it by moisture, 
and is of a brittle, cracking, and splitting charader. 
Under these circumstances all the destructive agencies 
penetrate by the splits, and the wood is attacked as 
though it had been in no way treated. The best method 
of carrying out these requirements is first to heat the 
wood, then immerse into a bath of cold mixture the por- 
tion to be buried, and to leave it there for twenty-four 
hours at least ; afterwards the tar should be raised to the 
point of boiling. After the operation is completed, if it 
be wished to facilitate the sap's motion, the pole might be 
shortened by some centimetres at the lower end, so as 
not to have an impervious bottom. 

Carbonisation, better applied than it is, should give 
very good results. In raising the wood to a suitable tem- 
perature the fermentable substances coagulate, the foreign 
organisms are killed, the spores and the mycelium are 
disorganised. But it is better to imperfedly bum the 
wood — to scorch or roast it. When the carbonised layer 
is too thick, and has lost its consistency, it splits, breaks 
during carriage, so as to leave the interior wood exposed 
to the air. I have tried to obtain a thin and very uniform 
layer by drenching the wood with a solution of sulphuric 
acid and water (five parts of water and one of acid), and 
by lightly heating it without dired exposure to the fiaroe. 
The more acid in the water the less heat is required. In 
order to obtain a good solid layer it is preferable to warm 
the wood for a longer time, at a lower temperature. This 
system is deserving of greater trial, since the sulphuric 
acid permeates to a certain depth into the wood, and there 
exercises an aiStion destrudive to the fungus. 

I now return to the question of dry rot, to which refer- 
ence was made at the commencement of my paper. 

Dry rot is infinitely more easy to combat with : it ads 
very slowly ; it is not necessarily accompanied by a vege- 
table produdion ; and it is not contagious. If rotten 
wood of this class causes other woods to rot, it is wholly 
on account of the nature of the residuum. Mould, black 
decay, is very hygrometric. It divides the surrounding 
soil, maintains moisture in it, and readily facilitates the 
introduction of air. Standing trees may be attacked with 
dry rot, either en their surfaces or in their interior. Very 
old trees are very frequently found whose outer and inner 
barks are full of holes, with spaces between their two 
concentric layers ; and if the tree be sharply struck, a 
brown powder — humus or mould — falls down. Wrought 
wood, when it is attacked by this rot, is easily preserved. 
It is sufficient to entirely take away or cauterise the part 
affected, and afterwards to give the wood a coating. The 
adion — ^very slow by itself — is thus retarded, so as to pro- 
duce henceforth but insignificant damage. 

But dry rot aCts upon telegraph poles under special 
conditions which may be instructively specified. 

It has already been stated that at the point of contad 
between two pieces of wood wet rot is readily produced ; 
that such wood being used runs the risk of perishing and 
destroying that which it touches. One imagines, besides, 
that when earth is vigorously stirred for a great surface, 
it is so much more aerated and lightened, and conse- 
quently rendered fit for the development of injurious vege- 
tations. AH these conditions are combined oftenest in a 
coupling of two poles ; ther^Coc^ ^^\^««lSa\^Sx v^^^^'^ 
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der that two poles thus coupled arc destroyed much more 
rapidly than are ordinary ones. There is, moreover, ano- 
ther cause of destruction, and one much more frequently 
met with. 

I have often assisted in repairing expeditions for the 
purpose of d;;tcrmining both the manner of deterioration 
and the precise conditions under which it takes place. 
I have noticed that not only did the greater number of 
posts replaced belong to those coupled, but that nearly all 
of them were attacked in just the same manner. The 
iron bolt fixing the arm to the post is the true cause of 
the havoc done. 

Although the hurtful adion of iron on wood is well 
known, I consider it useful to recall to mind how the 
injury is produced. In a damp medium, and in the pre- 
sence of air, iron nists and forms a sesquioxide of iron. 
On conta(5l with organic matters this produ(5l is deoxidised 
— the sesquioxide yields its oxygen to the hydrogen of the 
wood, and passes to the condition of protoxide. But this 
latter compound rapidly absorbs the oxygen from the air, 
and re-forms itself into sesquioxide, which ads anew upon 
the wood. The sesquioxide is thus a regular oxygen 
storehouse, which on one hand empties itself to the injury 
of the wood, and on the other refunds itself from the at- 
mosphere : it thus ads as a very energetic and continuous 
oxidising body, so that literally the iron burns the wood. 

In this particular case sulphate of copper is more inju- 
rious than useful to the preservation of the timber, for the 
very simple reason that in presence of iron it becomes 
transformed into an iron salt : which has been recently 
proclaimed eminently destrudive to wood. 

Whatever it may be, here are the exad records of dete- 
rioration produced by iron on a post injeded with sulphate 
of copper, chosen from a great number of the same class. 
The iron bolt remained firm in the core of the wood ; 
above and below this bolt, in the diredion of the timber's 
fibres, and to about 50 cm. on either side, the wood was 
completely eaten away. On the right and left, in a trans- 
verse diredion, the decay extended 10 cm., and to a depth 
of 5 to 6 cm. On sawing a pole thus decayed, at different 
heights, it was ascertained that the sedion, in the portion 
which corresponds to the destroyed fibres, had partially 
retained its consistency, but was of a brownish-black stain 
to a distance as great as i yard from the bolt. When the 
coupled posts were planted on a slope, the arm being 
horizontal, one of the bolts was more exposed to the air 
than the other, and its corresponding pole was more 
attacked than the other. There can thus be no doubt as 
to the real cause of the phenomenon. I therefore think 
that coupled poles should be avoided ; and that where 
double poles are indispensable, they should be construded 
— as far as possible — without arms or crosss-beams. 

It is preferable to surround a pole with a block of cement 
of triangular prism form. One of tjie faces — whose width 
should vary according to the resistance to be overcome — 
should be perpendicular to the resultant of the wire- 
tensions, and this prism, leaning in this manner against a 
sufficient surface of soil, will maintain the pole in its 
vertical position. 

Unless from exceptional circumstances the inclined 
pole cannot sink into the ground ; the vertical pole tends 
to rise under the adion of the wires. This movement 
may be avoided, and the post retained in position by means 
of a block surrounding the lower part of the vertical pole. 
A band of iron twisted round the exterior of each of the 
two poles, to each of which it is solidly fitted by two 
screws, will prevent them from giving way, and completes 
this system of coupling. If circumstance permit the in- 
clined post to be consolidated into its seat, it may likewise 
be surrounded with a block of cement. 



SIR WILLIAM THOMSON'S METHOD OF DEEP 
- SEA SOUNDING BY PIANOFORTE WIRE. 



The total number of messages forwarded from Postal 
Telegraph Stations in the United Kingdom during the 
week ended the 31st July, 1875, was 463,360 ; during the 
corresponding week of 1874, 408,286 ; showing an in- 
crease in Xht week of 1875 on that of 1874, of 55,074. 



On the 22nd of April, 1S74, Sir William Thomson deli- 
vered a ledurc before the Society of Telegraph Engineers, 
on his new method of deep-sea sounding by means of 
pianoforte wire. In that admirable ledure Sir William 
showed that the great merit of wires compared with lope 
is the smallness of the area and the smoothness of the 
surface which the wire presents, as compared with the 
greatness of the surface and its roughness when rope is 
used with a comparable degree of strength. Pianoforte 
wire, of the Birmingham gauge No. 22 has been found 
most suitable : it weighs about 14^ lbs. to the nautical 
mile, and bears from 230 to 240 lbs. pull without breaking. 
Messrs. Johnson produced a length of 3 miles, in one 
piece of crucible steel, capable of bearing a strain of 
about 230 lbs. One of the greatest difficulties to be over- 
come was the splicing of the wire. Experiment showed 
that a splice of 2 teet long was sufficient, but 3 feet may 
be safer. The two pieces of wire to be spliced are laid 
together, and held between finger and thumb at the 
middle of the portions thus overlapping. Then the free 
foot and a half of wire on one side is bent close along 
the other in a long spiral, with a lay of about 
one turn per inch, and the same is done for the free foot 
and a half on the other side. The wire has been previously 
coated with marine glue, just to increase a little the sur- 
face fridion. The wires are found to cohere perfedly when 
splices are made in that way, all that is necessary to make 
the splice permanent being to cover the ends over for about 
an inch with a serving of twine just to keep the ends firm 
down. 

The sounding apparatus as it is now finished and sent 
out by Mr. White, of Glasgow, and as it has been used by 
the screw-steamer Faraday on the Dired United States 
Cable Expedition, is represented in the accompanying 
figure, for which, with the description, we are indebted to 
the editor of Enginecrinor, It consists of a large light 
drum. A, of galvanised sheet iron, on which the wire is 
carefully coiled. The free end of this wire terminates in 
a stout galvanised iron ring, 6, and to this ring the sinker 
c is attached by a hemp line, rf, several fathoms long. The 
interposition of the line between the wire and sinker pre- 
vents the wire from reaching the bottom, and the ring is 
heavy enough to keep the wire tight : thus kinking of the 
wire is avoided. The circumference of the drum is 
I tathom, and an indicator c is fixed to the axle to indi- 
cate the number of revolutions of the drum. A slight 
corrcdion, due to the thickness of wire on the drum, has 
therefore only to be applied to the indicated number of 
turns in order to give the amount of wire paid out, or depth 
of the sounding in fathoms. 

In order to stop the drum immediately on the sinker 
reaching the bottom, the brake f f is employed : it con- 
sists of a fridion-cord attached at one end to the frame- 
work of the apparatus, and passing over a secondary 
groove on the circumference of the drum a, the other end 
being weighted at ^. By means of this brake the increased 
pull on the wire due to the amount of it paid out is to be 
more than counteraded, so that the drum will revolve b>' a 
pull on the wire due to something less than the weight of 
the sinker ; for, in this case, when the sinker is supported 
by the bottom there will be a fridion on the drum bringing 
it to rest. The weights g have, therefore, to be applied 
gradually, as the wire runs out. The rule adopted in 
pradice is to apply resistance always exceeding by 10 lbs. 
the weight of the wire out. Then, the sinker being 34 lbs., 
we have 24 lbs. weight left for the moving force : that 
is found amply sufficient to give a very rapid descent 
— a descent so rapid that in the course of half an hour or 
fifty minutes the bottom will be reached at a depth of 
2000 or 3000 fathoms. The person in charge watches a 
counter (the indicatqr e), and for every 250 fathoms (that 
is, every 250 turns of the wheel) he adds such weight U 
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the brake-cord as shall add 3 lbs. lo the force with which influence on the wire as it is being hauled in, and prevents 
ttie soundin^-whcul resists ihc e^rc^s of tlie wire. That 1 much mmceuv.-ing of ihe ship. For hauling in, ihe han- 
makes 12 lbs. added to the biake resistance for every | dies of the drum are again shipped, as ali<o two handles 
1000 fathoms of wire run out. The weight of every 1000 I on (he pulley k, and on^ man working briskly on each 
fathoms of wire in air is 14J lbs. In water, tberefoie, the handle the wire is soon got in. When the ship U lifting 
weight is about 12 lbs. ; so that if the weight is added al I with a heavy sea there are times when a very great stress 
'' . • .- . • ^ ^j^^ ^^1^ ^Ijj i^g fulfilled. So it ' is imposed on the wire, and it would be dangerous I ' 



iches the i 



is arranged that when the 34 lbs. 
butlum, instead of there being a pull, or a moving force 
2 J lbs. on the wire tending to draw it through the watc 
there will suildenly come to be a resiE,ta,ice of 10 lb 
a<{.-iinst the Hiotion. A turn or two and the di urn conn 
to rest. The instantaneous perception of the boltom, evt 
nt so f^reat a depth as 4000 fathoms, when this lule is fu 
lii'.vcd. is very remarkable, and has been paitjcularly ni 
ti;:eJ by ConimanJcr Uclknap in repoits of his Boundinj 



1. But by an arrangement of Prof Fleemi 
jenkin the hauling in can go on as fast as may be without 
any danger of overs tress ing. After some hundred fathoms 
of the wire have been got in, the ship may start slowly 
a'lcad. — an important advantage to a telegraph ship while 
paying out cable, or lo a mail steamer making po:t. 

The tube in (he end of the sinker, if fitted with a valve 
door, brings up a specimen of the bottom. In the com- 
sinkera there is merely a cavity which ia " armed '■ 




in the Pacific, presented to the United States Navy 
Department. 

The sounding apparatus is best fixed so as to projefl 
beyond the bow or stern taffrail. In order to take a 
sounding the drum A is run out to the end of the rails H H, 
where it admits of the sinker dropping sheer into the sea. 
The sinker is then gently lowered by turning the handles 
of the drum until it touches the water, when the indicator 
is set at lero. Eveiything being ready and the ship at 
rest, the handles of the drum are then unshipped, the 
check-pawl of the drum is unlocked, and the wire nms 
rapidly out. Two seamen and a quartermaster are enough. 
The quartermaster direifls the others, sets and reads the 
indicator, and now, as the wire runs out, applies the 
weights to the brake. When bottom is reached the indi- 
cator is read off, and the hauling up is set about at once. 
The wire is first supported from the framework by a yam 
stopper, or is held by a couple of men with canvas or 
leather protection for their hands. The drum is then run 
inboard again, and the wire is led over J circumference of 
the castor pulley I, then passed over the auxiliaiy hauling- 
in pulley k, so as (o make | or 1} turns before it is coiled 
on the drum. The use of the castor pulley 1 ia to angle 
Itself with the wire which will, in currents, generally 
Mream ont to one tide or other. It thus cxcita a guiding 



with tallow or a idixl re of tallow and soap, to which 
grains of the boilom ai^here. In depths of 40DO or 5000 
fathoms, where a sinker of say 100 lbs, woald be required, 
it would become necessary to sacrifice alike the sinker and 
the specimen. As Ihe wire comes in it may be partially 
dried by rubbing it with a piece of canvps; and as it IB 
being coiled on the drum, to preserve it from rusting, it is 
drenched occasionally with oil. When no: in use the drum 
is kept in a bath ol oil. It was formerly the custom to 
apply a solution of caustic soda in the same way, but the 
oil has superseded it. 

The method of making flying soundings with wire is 
thus described by Sir William Thomson :— " In the first 
Hooper expedition from Pemambuco to Para, the B.azilian 
Government tent a gun-boat with us to take sotmdings, 
but the coal would not carry her the whole way. and we 
were left lo our own resources for soundings during the 
laying of the cable. The whole route had been sounded 
over previously by the Brajilian Telegraph Company, so 
as to form a general idea of the line to be taken by the 
cable ; but Elill it was very important that soundings 
should be taken accurately. Accordingly Capt. Headinglejr 
arranged that the wire wheel should be set up over the 
stem of the Hoopir, and soundings were taken eveiy two 
hours without stopping the ship. A 3o-lb. weight wu 
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hung on a couple of fathoms of cord, but a greater length 
would have been better. I believe that 5 fathoms ought to 
have been used. Then the wheel was simply let go with 
a resistance of about 8 lbs., or, perhaps, an aAual resist- 
ance of not more than 6 lbs. on the circumference of the 
wheel. When the ship was running at the rate of 4^ knots 
an hour, the cable was paying out at the rate of 6 knots ; 
and after, perhaps, 150 fathoms had run out — in some 
cases 175 fathoms — suddenly the wheel would get so much 
slower that it almost stopped. In half a turn it was 
obvious that there was a difference. The moment that 
difference was perceived, the man standing by laid hold of 
the rim of the wheel and stopped it. Thus we achieved 
flying soundings in depths of 150 fathoms with the ship 
going at the rate of 6 miles ; and we obtained informa- 
tion of the greatest possible value with reference to the 
depth of the water and the course to be followed by the 
cable. I think this is of such great importance that I 
never would like to go to lay a cable without an apparatus 
for flying soundings to be regularly practised, say every 
two hours at the least." 



THE GOVERNMENT TELEGRAPHS. 



A REPORT, dated July 17, 1875, of the Committee 
appointed by the Treasury to investigate the causes of 
the increased cost of the Telegraph Service since the 
acquisition of the telegraphs by the State, has just been 
presented to Parliament. It bears the names of Alfred 
Austin, H. Weaver, and W. G. Anderson. 

The points which received the attention of the Com- 
mittee were : — 

(x). The causes of the very serious discrepancies 
between the estimates of telegraph expenditure, 
year after year, and the adlual outlay. 

(2). The general expenses of the service as compared 
with those of the telegraph companies. 

(a). As to the condud of the business, and the 
staff employed for the transmission of 
messages. 

(i). As to the cost of maintenance and exten- 
sion. 

(3). The extent to which offices and services are main- 
tained which are not required by public con- 
venience, and are not paying their expenses. 

The following is an abstradl of the result of the 
inquiries into these several points : — 

Comparative statement of the expenditure on Telegraph 
Services, as compared with the grants for the different 
years since the transfer of the telegraphs to the Post 
Ofiice, taken from the appropriation accounts rendered 
by that department to the Comptroller and Auditor- 
General — 



Year. 

(a months) 

1869-70.. . 

1870-71.. . 

1871-72.. . 

1872-73- • . 

X873-74.. . 



Grant. Expenditure. 

£ £ n. d. 

90,000 62,273 II si 

360,000 409,493 8 a 

420,000 551,521 II 10 

669,990 874.945 17 8 

858,000 967,947 18 2 



Surplus. 

£ »• d. 
27,726 8 



Deficit. 
£ 8. 



H - 



d. 



49,493 8 8 

131,521 II 10 

204,955 17 8; 

109,947 l8 2; 



The Post Office asked for a grant of £"90,000 for the three 
months ending March 31, 1870, but the transfer of the 
telegraphs to the Government having been postponed to 
January 29, 1870, the grant taken for the expenses of the 
entire quarter exceeded by £27,726 8s. 6id. the expendi- 
ture of the months of Febmary and March. 

It appears from a Parliamentary return of August, 
1870, only six months after the date of the transfer, that 
there were at that time employed in the telegraph branch 
no less than 4913 clerks, &c., instead of 1528 as proposed, 
and 3116 messengers, instead of 1283 ; so that the staff 
of the telegraph branch as compared with that of the 
companica t nmore than doubled. This fadt alone will 



easily account for a great part of the excess of expenditure 
beyond the grant for 1870-71. 

Having examined the accounts of past years, the Com- 
mittee proceed to consider the expenses of the telegraph 
branch as compared with those of private companies. 
The first and most obvious cause has arisen from the fad 
that the salaries of all the officials of the telegraph com- 
panies were very largely raised after their entry into the 
Government service; it being deemed impossible ihit 
the officials of the Telegraph Service should receive lower 
pay than the officers of the postal service. Another 
source of considei a. >Ie expense arises from the fad that 
instead of a considerable saving being effe^ed by the 
amalgamation of the working staffs of the different com- 
panies into one Government establishment, the staff at 
present employed for the supervision of the consolidated 
service in the secretary's office, the engineer-in-chieft 
office, the divisional engineers' offices, and the account 
branch is comparatively greatly in excess of that con- 
sidered necessary under the divided management of the 
telegraph companies. A further expense has been the 
necessity on the transfer of the telegraphs to the Govern- 
ment, to dispense with the services of a certain number of 
the linemen employed by the companies, who were entitled 
under the Telegraph Ad to receive compensation, and 
who have continued to work on the railway lines, so 
that to obtain efficient workmen the Government have 
been compelled to pay wages equal to the full rate paid 
by the railway companies, together with the compensation 
granted to the discharged linemen. 

The Committee hold that it would not be possible for 
the Government to work at so cheap a rate as the telegraph 
companies, and they acknowledge the increased facilities 
for telegraphing which the public has gained by the 
transfer of the telegraphs to the Post Office, and the 
amount of arduous labour by which these results have 
been obtained. At the same time they are much struck 
by the very high percentage of the working expenses of 
the Telegraph Service as compared with the gross receipts, 
the proportion of working expenses to income having 
been — 

For the 14 months tO) ,, *u 

March 31, 1871 . . } ^'"'' '••»" 57 per cent. 
In 1871-2 Nearly 78J 

1872-3 „ 89i 

1873-4 ,,914 

1874-5 More than 96I 



II 



n 



*> 



ft 



>• 



In the case of the telegraph companies, before the 
transfer, the average cost of working as compared with 
the gross receipts was about 60 per cent. An amended 
general estimate of the telegraph revenue and expenditure 
for the current financial year is submitted, in which the 
Committee have endeavoured to show the probable 
deficiency of revenue to meet the expenditure of the Tele- 
graph Service, including interest of the capital raised for 
the purchase of the telegraph undertakings. This defi- 
ciency is irrespedive of any provision for a sinking fund 
to redeem the debt of ;f 9,790, 198 in Three per Cent 
Annuities, which will be increased by the sums awarded 
to railway companies as compensation under the Tele- 
graph Ad of 1868. The charge for the salaries of the 
staff employed in the Comptroller and Auditor-General's 
department for the re-examination of the telegn4>h 
accounts, is omitted as not being stridly chargeable 
against telegraph revenue, the accounts being fully 
examined in the Post Office before they are transmitted 
to that officer, under the provisions of the Exchequer and 
Audit Ad. 

Expenditure. 

£ 
(i). Telegraph expenditure for the year, as 
shown in the Post Office estimates sub- 
mitted to the House of Commons (see 
page 583, Civil Service Estimates, 
1875-6) 1.097.7M 
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(2). Works, included in estimate for public 
buildings (see Civil Service estimates, 
same page) . >» 

(3). Stationery, included in Stationary Office 
estimates (see Civil Service estimates, 
1875-6, Class 2, Vote 23, p. 124) . . . . 

(4). Estimated charge for postage on account 
of Telegraph Service, not paid to Post 
Office revenue 

(5). Estimated charge lor manufaAure of Post 
Office telegraph stamps, included in 
Inland Revenue estimates 

(6). Interest of capital raised (£9,790,198 
Three per Cent Stock) for the purchase 
of the telegraph undertakings . . . . 



39,466 



45.000 



7,000 



2,000 



293,706 



;fi,484,886 

N.B. — This estimate of expenditure does not include 
any charge for the occupation, by the telegraph branch, 
of a large portion ot the new buildings in St. Martin's- 
le-Grand, the site and eredlion of which cost more than 

;f500,000. 

Revenue. 

£ 

Postal telegraph revenue, as estimated in the 
Chancellor of the Exchequer's financial 
statement for 1875-6 1,200,000 

Extra receipts, as shown at page 583 of Civil 
Service estimates for 1875-6 

Estimated value of telegraph services per- 
formed for other public departments, not 
paid to telegraph revenue 

Ditto on "ccount of the Post Office service, 
not paid to telegraph revenue 



11,200 



4,862 



300 



£1,216,362 
Estimated deficiency of revenue, to cover 

current expenditure «nd interest, per contra 268,524 

£1,484,886 

The Committee consider that the working expenses 
could be kept within 70 or 75 per cent of the gross revenue, 
and that the responsible officers of the Post Office Tele- 
graph Service should be urged to work up to that 
standard ; such a result would cover the cost ol working, 
and the sum necessary for payment of the interest on 
the debt incurred in the purchase of the telegraphs. 

The following return of the number of offices not paying 
their working expenses was supplied by the Post Office ; — 



In the rest of 
In London. England In Scotland. In IreUnd. Total, 
and Wales. 



1872 
1874 



10 

7 



417 
303 



40 
28 



261 
III 



728 
449 



Out of a total number of 3444 in 1872, and 3692 in 1874. 
Thus there are between 400 and 500 telegraph offices 
which do not pay their working expenses, irrespeiflive of 
the sum required for the maintenance of the wires, the 
cost of which it is difficult to ascertain. The Committee 
proceed to say that the closing of such offices can only 
be done after a careful examination and report by the 
surveyors and divisional engineers in each individual 
case, and this they strongly recommend should be under- 
taken at once by the proper officers of the telegraph 
branch, and a report of the results prepared in due course. 
The Post Office are strongly opposed to any general 
reduction of the system, and they urge, not without 
reason, that a large sum has already been expended in 
the eredion of lines to these offices, that a further cost 
would be entailed in the removal of such lines, that the 
above table shows that the telegraph offices which are 
an expense to the public are gradually decreasing in 
number, and that the closing of an office which does 
little business would in most cases be attended with great ' 



discontent and agitation on the part of those who never use 
it. The Committee fear that the full cost of working these 
numerous and unremunerative offices is not realised. In 
London alone there are 373 Postal Telegraph Offices. 
many of them at very short distances apart. The staff 
and expenses of this multiplication of offices is, of course, 
very great per se, but if considered in connexion with the 
larger number of clerks required at the central station and 
at the distridfc centres to receive messages from the«)e 
numerous branch offices, the expenses incurred, which 
might be saved by closing such offices, assume far larger 
dimensions than appear at first sight. 

Special attention is called to the maintenance of a 
double staff of officers on the same ground, viz., the postal 
surveyors and their clerks, and the divisional engineers 
and their assistants. It appears to be a matter for the 
consideration of the Postmaster-General whether, as vacan- 
cies occur among the postal surveyors and their clerks, it 
might not be possible to seledl men qualified to supervise 
the engineering work of the distridl, who would at the 
same time perform the duties now within the province of 
the surveyors, which require tadl and judgment rather than 
technical knowledge, thus placing the service under the 
immediate control of skilled technical officers, who now 
have no diredb voice in the management. To ensure 
efficiency and economy in working the Telegraph System, 
it should be thoroughly identified and amalgamated with the 
Postal Service, as much in fadb as in name, and in any re- 
organisation intended to economise the aggregate cost of 
working, the officials of the Postal Service would frequently 
be obliged to give way to the officers and clerks of the 
Telegraph Service. 

The Committee have been very much struck by the 
advantages which the system of the employment of Royal 
Engineers appears to offer. At the request of the War 
Office, the Eastern Distridl was allotted by the Telegraph 
Branch to the Royal Engineers, who, under Major Webber, 
have the entire management of the maintenance of the 
system in that distridb, and who have also been extensively 
employed in the construction of new works. The total 
pay and allowances of the Royal Engineers employed 
under the Post Office are calculated so as to be about 
equal to the salaries of the civilians employed in the same 
positions in other distrids, so that the Telegraph Branch 
saves that part of the pay which is provided in the War 
Office estimates. The Post Office gains other advantages 
by the employment of the Royal Engineers : — 

(i). They are entitled to no pension from that Depart- 
ment. 
(2). Men in any degree inefficient or unsuited for the 
service can be removed, whereas civilians must 
be retained until their inefficiency or miscondudt 
are such as to justify their dismissal. 
(3). Men not required can at any time be sent back to 

barracks, and recalled for any press of work. 
(4). The Royal Engineers being under military discipline, 

there is no possibility of a strike. 
These advantages, coupled with the desirability, so 
strongly urged by the War Office, of obtaining a certain 
number of soldiers trained to telegraph work in the event 
of war, would, in the opinion of the Committee, render a 
more extensive employment of the Royal Engineers a 
measure greatly conducive to the public interest. 

Finding it cheaper to eredt telegraphs on roads and 
maintain them with their own staff, than to place them on 
railways at the prices demanded, the Postal Telegraph 
authorities have extensively added to the road system 
transferred to the Post Office under the A(5t of 1868, and it 
now becomes a question worthy of their consideration, 
whether arrangements could not be made with railway 
companies for the maintenance and renewal by the latter 
of all lines of telegraph on roads running parallel with, 
and adjacent to, their railways, such as loop lines from 
wires on railways into towns, at short distances from the 
railway, at rates less than those fixed under agreements 
provided for under clause 9. If the railway companies were 
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willing to undertake the work at reasonable rates, a great 
saving must follow. 

The special attention of their Lordships is also direded 
to the fa(5b that, although the number of inland messages 
has increased from 6,000,000 to 20,000,000, the working 
expenses having increased in a still greater ratio, the 
Telegraph Branch is not in the position of the Postal 
Department, after the introdudlion of the penny postage. 
In that case it was evident that an increase of business 
must eventually lead to a surplus of income over expendi- 
ture; but a comparison of the receipts and working ex- 
penses of the Telegraph Service, since its transfer to the 
State, shows that a very large increase of business has been 
accompanied by a still greater increase of the cost of work- 
ing and maintenance. The increasing number of messages 
transmitted, and the falling off of the net receipts, from 
the commencement to the 31st of March last, are shown | 

in the following table : — 

., , , XT fur -- Surplus of Income over 

Year cn.Icd- No. of Messages. ^y irking Expenses. 

£ 8. d. 

March 31, 1871 .. 9.850,177 303»456 ^3 5 

1872 .. 12,473,796 159.834 12 8i 

1873 •• 15.5351780 103,120 2 8J 

1874 .. 17,821,530 90.033 6 iii 

1875 .. 19,253,120 36,725 o o 

The conclusion is, that, unless some check is put on the 
expenditure, or some means devised for augmenting the 
receipts, the management of the telegraphs will become a 
permanent charge on the finances of the country. 

The tariff fixed for the transmission of messages by the 
Telegraph Adt of 1868 was one shilling for the first twenty 
words ; but the adlual number of words contained in every 
message for which one shilling is paid averages forty- 
three, the additional words in excess of twenty being made 
up of the words contained in the names and addresses of 
senders and receivers, which are not charged for, and the 
words sent with each message which compose the service 
instrucflions stated to be necessary for proper departmental 
control. 

After allowing for a sufficient number of words to be 
forwarded with each message as service instrudions, it 
has been found that nearly 50 per cent of the capacity of 
the Postal Telegraph wires is occupied in transmitting 
matter for which no money consideration of any kind is 
paid, so that, when the present plant has been worked up 
to its maximum carrying capacity, new plant will have to 
be provided at a large outlay, in order to duplicate lines, 
which are only filled to half their capacity with paid 
messages. 

The press tariff charged in accordance with sedion 16 
of the Telegraph Adl of 1868 is another fruitful source of 
loss. One shilling is charged for every hundred words 
transmitted during the night, and the same sum for every 
seventy-five words transmitted during the day, twopence 
only in addition being charged for the same matter for- 
warded to different addresses. 

The Committee endorse Mr. Weaver's opinion that the 
principle of the stipulations of the tariff authorised by the 
Telegraph Adl of 1868, both as regards messages trans- 
mitted for the public and those forwarded for the press, is 
essentially unsound, and has been the main cause of the 
large percentage of expenditure upon the Postal Telegraph 
Service, as compared with the gross revenue collected for 
telegrams. The introdu<5lion of the universal shilling rate 
should have been accompanied by a withdrawal, in accord- 
ance with the system generjilly prevailing on the Continent, 
of all free words up to that time allowed for addresses. 

The Committee recognise the dilliculties which the Post 
Office would now have to encounter in withdrawing, with- 
out offering some equivalent, the privilege of free words 
allowed in addresses; but some such step is absolutely 
necessary', as the economies attainable in the expenditure 
tinder the present system would not be sufficient to make 
the revenue exceed the expenditure. 
A tariff might be introduced in which, while the mini- 



muni price now paid for telegrams,*.^., one shilling, might 
be lowered, the stipulations of the tariff might be so 
changed as to turn loss into profit. This purpose migh: 
be efTeded, either by the introdudion of a tariff at the rate 
of sixpence for ten words, inclusive of addresses, or by the 
adoption of the '* word system of charging messages.*' A 
charge of one penny per word, including addresses, might 
be made to commence with, to be reduced to one halfpenny 
when the system became profitable. The system has 
been introduced with great success on the Atlantic cables, 
and is most popular with the public ; the principle has 
been adopted by a majority of twelve to five of the mem- 
bers of the Telegraph Conference at St. Petersburg for alt 
Extra-European lines. Either of the above-mentioned 
tariffs would, in the opinion of Mr. Weaver, be profitable, 
because the principle involved in them is commercially 
sound, the wires would be cleared of unpaid work to 
the extent of nearly half their carrying capacity, and room 
would thus be made for the increase of traffic to be ex- 
pedled, consequent upon a decrease of price, without any 
extension of plant or augmentation of working charges. 
A concession to the press upon these rates would, of 
course, have to be made ; but, if it were seen that Govern- 
ment were determined to carry a measure through Parlia- 
ment which would reasonably amend the present system 
of tariff, an arrangement with the press upon far less 
onerous terms than the present would not be difficult. 

The Committee close their Report by reminding their 
lordships that the transfer of the telegraphs to the State 
was an experiment of a nature hitherto unknown in this 
country, that the Telegraph Adb of 1868 was passed before 
the Government had gained any experience of a branch of 
the public service yet to be created, and that neither Par- 
liament nor the public can have any right to complain if 
an attempt be made to remedy the defedts which are the 
result of the experimental legislation of past years. 



NOTES. 



Prof. Hughes's printing telegraph apparatus has just been 
adopted by the Spanish Administration. This system 
was first adopted by the American Telegraph Company 
in 1855, being followed in 1861 by France; in 1862 by 
Italy and England; in 1865 by Russia; in 1866 by Prussia, 
in 1867 by Austria, Hungary, and Turkey ; in 1868 by 
Holland : in 1869 by Bavaria and WUrtemburg ; in 1870 by 
Switzerland and Belgium ; in 1871 by Peru ; in 1872 by 
Buenos Ayres ; in 1873 by the Submarine Telegraph Co.; 
in 1S74 by the Argentine Confederation ; and in 1875 by 
Spain. The inventor, Edward David Hughes, was bora 
in 1 83 1, at Louisville, Kentucky. From a boy he devoted 
himself to physico-mathematical and mechanical studies. 
At the age of 19 he became Professor of Physical Science 
in the College of Kentucky, and the same year (1850) he 
began his studies on the type-printer, the perfediog of 
which cost him twenty years of study and experiment. 

Referring to the delay in the completion of the DireA 
United States Cable, the World says — '* The Faraiej 
went out in April to complete the laying of the cable. It 
started somewhat too early, but when the ice cleared away 
it laid its cable, and messages were transmitted between 
New York and the office in London at a speed of abovl 
twelve words per minute. There was, however, a trifling 
dcfed in the insulation about 250 miles from Newfouad- 
land. A like defedk exists in the French cable ofthi 
Anglo Company, and it rather a theofttical than a 
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tical fault, for it does not interfere with the transmission 
of messages, and, curiously enough, rather increases the 
speed of transmission. The Faraday was, however, or- 
dered on her return voyage to cut out this defed. She 
therefore broke the cable in two places, and separated about 
35 miles from each other. On breaking the Irish end, 
last Saturday week, she called attention to the fa(5l that 
she had only 50 miles of surplus cable on board, and that 
whilst 50 miles ought to be enough, even with slack, to 
lay 35 miles, yet that it might perhaps be safer to have 
more. The Company had about 70 more miles in London ; 
and after some discussion between the ship and the office, 
through the cable, it was determined that she should re- 
turn to England to take in these 70 miles. She will at 
once start again to the gap. Her business will be to take 
up the Irish end, to splice it to the cable on board, to run 
out 35 miles of cable, and then to effed the final splice to 
the American end in shallow water. There is no reason- 
able doubt, therefore, that the cable of the Company will 
be opened for public traffic in a few weeks." 

A small fresh-water fish, belonging to the family of 
Siluroids, and remarkable for possessing an eledric organ 
like the GymnotuSf or eledlric eel, has been recently added 
to the colledion of the Zoological Society. 

The Royal Commission on Scientific Instrudlion and 
the Advancement of Science have now held their final 
sitting, and appended their signatures to the final 
Reports. 

By means of the Wheatstone automatic system between 
30,000 and 40,000 words were transmitted during the trial 
of Colonel Baker, at Croydon, on Monday last. 

A telegram, dated August ist, from Vienna, announces 
that — in compliance with the resolutions passed by the 
St. Petersburg International Telegraph Conference — ciphtr 
despatches, whether inland or outward, are now received 
and transmitted by &11 Austro- Hungarian telegraph 
offices. 

The Western Union Telegraph Co. is completing a tower 
of 50 feet in height on the crest of the lofty highlands of 
Neversink. The operators, who are to have the most 
powerful glasses, will be able to distinguish steamers and 
other vessels 20 miles out. 

At Simla a house belonging to the Government, and 
inhabited by one of the leading oflicials, was recently 
struck by lightning. A native subordinate of the Public 
Works Department was deputed to ere(5l a condudor. In 
course of time, says the Times of India, the workman 
placed four metallic rods in position on the roof, and con- 
tinued them about half way down the building itself, 
when, material failing him, he deserted his job I 



claimed the invention of a Rystcm of telegraphing by 
llashes of light, called tlie heliof^raph. 

I have also read, in the Telcirrapher of July 17, 1875, a 
letter of Mr. F. L. Pope claiming the invention for 
America, where a heliotrope has been used for twelve or 
fifteen years by the United Slates Engineer officers engaged 
in the survey of the great lakes. 

It may welt be said in tins case that there is nothing 
new under the sun, as neither Mr. Mance nor the American 
Engineers can claim the merit of an invention described 
twenty years ago at full length in the Annales Tilt'- 
f^raphiques (0<flober, 1855, 46- and 56. livraisons ; Paris : 
Lacroix Baudry). M. Leseurre, Direcieur de Station, calls 
his invention hcHographe, and gives, in his *' Memoire sur 
TEmploi des Rayons Solaires pour la Transmission des 
Signaux a des Distances Quelconques," a full description 
of the apparatus applied to his system as experimented in 
the south of Algeria. 

It would, therefore, appear that even the name of the 
instrument claimed by Mr. Mance as an invention belongs 
already to some one else, and although M. Leseurre, who 
is now dead, will not rise to claim priority, it may be in- 
teresting for your readers to be enlightened on the real 
facfts. — 1 am, «Scc., 

T. 
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To the Editor of the Electrical News, 

Sir, — I have lately been told by a friend that Mr. H. C. 
Mance, of the Indo-European Telegraph Department,! 



Manual of the Natural History ^ Geolos^y^ and Physics of 
Greenland and the Neighbouring Regions. Prepared for 
the use of the Ardtic Expedition of 1875 under the 
Diredtion of the Ardlic Committee of the Royal bociety, 
and Edited by Professor T. Rupert Jones, F.R.S., 
F.G.S., &c. Together with Instrudtions Suggested by 
the Ardlic Committee of the Royal Society for the use 
of the Expedition. Published by Authority of the 
Lords Commissioners of the Admiralty. 1875. 

The brave men comprising the Expedition recently 
despatched to explore the coast of Greenland, and to 
reach, if possible, the North Pole, started under more 
favourable auspices than former expeditions have done, 
inasmuch as they are provided with a trustworthy account 
of all the scientific results obtained by previous explorers, 
and also with instructions for future observations. 

The Committee of the Royal Society divided the branches 
of science which were to be represented among several 
Sub-Committees. The several portions into which the 
instrudions are divided appear with the names of those 
by whom they were individually drawn up, and who — 
after consultation with their colleagues — are held respon- 
sible for their final form. Thus the name of Sir William 
Thomson is attached to the instructions relating to the 
observations on Atmospheric Electricity ; that of Prof. 
G. G. Stokes to a note on Auroral Observations, to 
Spectroscopic Observations, and also to Pendulum Ob- 
servations ; Prof. J. C. Adams and Captain Evans are 
responsible for the paper on Determination of Elements 
and Use of Magnetical Instruments ; Mr. R. H. Scott for 
the Meteorological Instructions ; Mr. J. R. Hind for 
Astronomical Data ; while instructions connected with 
other branches of science have been drawn up by Pro- 
fessors Huxley, Haughton, Roscoe, and Tyndall ; Dr. 
Hooker, Mr. W. Spottiswoode, and Mr. Lockyer. 

The instrument to be used for the observation of Atmo- 
spheric Electricity is Sir William Thomson's portable 
electrometer. The concise and valuable directions for 
keeping the instrument in order, and using it to make 
observations, will be of value to our readers generaliy. 
They are summarised in the following short practical 
rules : — 

I. The instrument having been received from the maker 
with the inner surface of the glass and all the metallic 
surfaces within clean and free from dust or fibres, and the 
pumice dry. T9 prepan it for use : — 
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(I.) Remove from the top the cover carrying the pumice. 
Drop upon the pumice a small quantity of the prepared 
Bulphutic acid supplied with the instrunient, disiributing 
it as well as may be over the whole surface of the stone. 
There ought not to be so much acid as to show almost 
any visible appearance of moisture when once it lias 
soaked into the pumice. Replace the cover wilhoul 
delay, and screw it firmly in its proper position, and then 
leave the inslrument for half-an-hour or an hour, or any 
longer time that may be convenient, to allow (he inner 
surface of the glass to be well dried through the drying 
efTefl of the acidulated pumice on the air wiLhin. 

(2.) Tuin the micrometer screw till the reading is 2000. 









1 the 



scale inside shpw full turns of the 
each division on the vertical scale inside corresponds to 
roo divisions on the circle ; and 20 on the vertical scale is 
read "2000.") Introduce the charging lod, and give a 
charge of negative eleflricil^ by means of the small 
eleflrophorus which accompanies the instrument. When 
enough has been given to bring the hair a litile below the 
middle of the space between the black dots, give no more 
charge, but remove the charging rod, and close the 
aperture immediately. If now the bait is still seen a 
lillle below the middle of the space between the black 

the attracting disc, and bo diminish the attradlion (ill the 
hair is cxaiflly midway between the dots. Watch (he in- 
(trumenl for a few minutes, and if the hair is seen to rise, 
as it generally will, (because of Ihe ele^iicity which has 
been given, spreading over the inner surface of the glass), 



nlhem 



■w in the dircdlioi 



] lov 



r (he 



attrafting plat 
the dots. 

(3.) The insulation will generally improve for sevct 
hours, and sometimes fur several days, after the insti 
ment ia first charged. The instrument may be considen 
to be in a satisfaaoiy stale if the earth reading does n 
diminish by more than 30 divisions per Iwenty-four hou 
If the maker has been fortunate with respeifl: to t 
quality of the substance of the glass jar, the eai 
reading may not sink by more than 30 divisions per wet 
when the pumice in suf^ciently moistened with strong a 
pure sulphuric acid. Re-charge with negative eleftric 
occasionally, so as to keep the earth reading between ic 



:lie observer stands uprighli and holds or places the 
:;bifltometer in a position about 5 feet above the gtouod 
\iiT place on which he stands) so as (o bring the bail and 
it''o black dots about level wiih his eye. The umbtelli 
fjf the principal elefliode being doian (o begin wiih (and 
Ml keeping metallic connexion between the principal elec- 
tiode and the metallic case of the instrument) the observer 
itimmences by taking an "ea'lh reading." fbe tteel 
wire, with a match stuck on i(S point, being in posilioa 
CD the principal elearode, the match is then lighted, Ibe 
umbrella lifted, and the micrometer screw turned so as to 
k^ep (he hair in the middle between the black dots. 
After the umbiella has been up and the match lighted lor 
:;fl seconds or half a minute, a reading may be laken aud 
recorded, called an " air reading." A single such reading 
(iinstituteB a valuable observation. But a series of 
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of the noithward voyage, observalio 
tleflrlcily ought to be taken regularly thre 
day ; also occasionally during (he night, to give the obfcnd 
some practice in the use of a lantern for reading the diii- 
sions on the circle and of the vertical scale. 

(2.) When stationary in winter quarters, obsen'alioDS 
should be made three times a day, at internals 0! si 
hours 1 for example, a( 8 a.m., 2 p.m.. and S p.m.; otu 
7.30 a.m., 1.30 p.m., and 7.30 p.m. Whatever limes itt 
-nost convenient may be chosen, provided they be sepiri- 
;ed by intervals of six hours. 

(3.) It is very desirable that hourly observations shiicld 

t>e made, if only for a few days, in winter and in su 

If possible, arrangements to do so at least for six co 

' .-c days in winter, and for six consecutive days ir 

er, should be made. The results will be very in[cr 

. showing whether there is a diurnal orsemi-diiimaipciied 

either the Atflic winter or summer, as \vc know ' 

at every time of j^ar in places outside the Arflic 

(4,) Make occasionally special observations when ibcfc 

anythii'g peculiar in the weather, especially with leEcr- 
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considerable height above the general level, should 
chosen. Whether on board ship, or in an open boat, 
on shore, ot on the ice, (he elcilrometer may be held by 
the observer in his left hand while he is making an 
observation; but a fixed stand, when conveniently to be (wire is 
1 be preferred, unless in the case of making Enougl 
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hole in the ice, and metallic connexion kept up by a fine 
wire between this and the eledrometcr case during an ob- 
servation. 

(2.) The observer's cap (particularly if of fur) and his 
woollen clothing, and even his hair if not completely co- 
vered by his cap, will be apt in the Ardic climate to become 
eledrified by the slightest fridion, and so to give false 
results when the objedl to be observed is atmospheric 
cleAricity. A tin-foil cover for cap and arms, kept in me- 
tallic communication by a fine wire with the hand or 
hands, applied to the case of the ele(5lrometer or to the 
micrometer screw-head, should therefore be used by the 
observer, unless he has made sure that there is no sensible 
disturbance from those causes, without the precaution. 

VI. — InstrumeiitSy Stores^ and Appliances for Observation 
of Atmospheric Electricity, sent with the Expedition : — 

(i.) Two portable eledlrometers, Nos. 35 and 36, each 
with one steel wire, for carrying match, one charging-rod, 
and one elei^rophorus, for charging the jar. 

(2.) Six spare steel wires (three to go with each in- 
strument). 

(3.) Supply of matches ready made. (The slower the 
match burns the better. If those supplied burn too fast, 
steep them in water and dry them again.) 

(4.) White blotting-paper and nitrate of lead, to make 
more matches when wanted. (Moisten the paper with 
a weak solution of nitrate of lead, and roll into matches, 
with thin paste made with a very little niiratc of lead in 
the water). 

(5.) Six spare pumices (three for each eledromcter) ; 
india-rubber bands to secure pumice in lead case. 

(6.) Eight small stoppered bottles of prepared sulphuric 
acid (four for each eledirometer). 

(7.) Tin-foil and fine wire. 

In a future number we shall refer at greater length to 
the account of previous observations on Terrestrial Mag- 
netism, Atmospheric Eledlricity, and the Aurora Borealis, 
included in the excellent "Manual " edited by Prof. Rupert 
Jones, the part relating to Physics being compiled by 
Prof. W. G. Adams, F.R.S. 
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(This column is devoted to a list of Ekarical Memoirs pub- 
lished in Foreign Journals. Those of imioiUuce will be cither 
translated in full or given in abstra(5t.) 

Dingler's Pohtechnisches Journal, 
Band 216, Heft 6. 

Historical Sketch of the Magneto-Indu<5tion 
Machines, with Uninterrupted Current of Invariable 
Dire(5lion. — Dr. E. Zetzsche. — This paper has been for- 
warded to us by the author ; it will shortly appear in our 
columns. 

Mayes's Caoutchouc Suspension for Compasses. 

Subterranean Telegraph Line. — M. Holtzmann. — 
A line of this kind, forty miles in len;^th, is laid in the 
neighbourhood of Amsterdam. A cast-iron trough is 
placed in the bottom of a trench, and filled with an 
insulating mixture, liquid pitch still in the warm state. 
The gutta-percha covered wire is then put in the liquid, 
the trough is closed with a lid, and the trench filled up. 

Polytechnischcs Central Jilntl^ 
No. II, 1875. 

The Clocks at the Vienna Exhibition.— Dr. Frick. 
-—Some elediric arrangements are noticed. 

Zinc as a Preventive of Incrustation in Boilers. — 
M. Protzen recommends placing a piece of zinc in the 
boiler. A galvanic current is produced, which preserves 
the iron from oxidation and deterioration, and makes the ( 



mineral constituents of the water separate as fine, 
easily-removed slime, incrustation proper being wholly 
prevented. 

Californian Quicksilver.— M. Ernst. — This gives 
statistics of recent produdion. 

Annates de Chimie et de Physique, 
August, 1875. 

Relations Between Ele(5lric and Capillary Pheno 
mena. — M. Gabriel Lippmann. — The following is 
resume (by the author) of this valuable memoir. Two 
distind laws have been demonstrated by experiment ; the 
first (chap, i.) conne<fls the capillary constant with the 
eledlnc difference ; the second (chap, ii.) connedls the 
variation of the eledtric difference with variations of area 
of the surface. These two laws, established separately 
by experiment, are conne(5ted together by a tie essentially 
theoretical. It is shown (chap, ii.) rigorously and without 
hypothesis, that in the experiment of the funnel (there 
described), which is based on the second law, eledlric 
work would be created, if the first law were not assumed. 
In the mathematical theory of chap. iii. this relation has 
been established anew, in analytic form ; the analysis 
rests on two principles : — (i), conservation of energy ; (2), 
conservation of quantities of eledricity. No hypothesis 
has been called in, either in this or in the rest of the work; 
it is to avoid doing so, that I have abstained from giving 
a physical theory, an explanation of the properties 
observed. The eledro-capillary motor described (chap, iv.) 
shows diredly — (i), that an indefinite quantity of eledrical 
work can be converted into mechanical work by means of 
capillarity ; (2), that the phenomena described above are 
reversible. If we compare the phenomena with those of 
thermodynamics, we find that the first law answers to 
the law of dilatation of bodies by heat, and the second to 
that of cooling during expansion. The first law has 
received two applications: (i), measurement of the 
capillary constant — the measurement hitherto has been 
illusory (chap, v.) ; (2), measurement of the eledlro-motive 
forces. The eledtrometer described in chap. vi. is much 
the most precise ^of the eledlrometers now known. 
Chap. vii. contains the explanation of the whirlwinds 
described by Gerboin. The principle explaining them 
seems susceptible ot some futther applications. 

The American journal of Science and Arts, 
No. 55, Vol. X., July, 1875. 

Results Derived from an Examination of the 
United States Weather Maps for 1872, 1873, and 
1874. — Elias Loomis. — Third paper. 

Preliminary Note on a Magnetic Proof Plane. — 
H. A. Rowland. — About four years ago the author made a 
large number of experiments on the distribution of mag- 
netism on iron and steel bars, by means of a coil of wire 
sliding along the bar : the induced current in the coil, as 
measured by a galvanometer, was a measure of the num- 
ber of lines of force cut by the coil, and can be found in 
absolute measuie by his method of using the earth con- 
dudlor. These researches will shortly be published. The 
method used by the author in these experiments he con- 
siders the only corre(5l one for experimenting on magnetic 
distribution, ^is purpose in this note is to extend it to 
bodies of all shapes, so that experiments on magnetic 
distribution may become as simple and easy to perform as 
those on eledrical distribution. The apparatus required 
is merely a small coil of wire, J to ^ inch in diameter, 
containing from 10 to 50 turns, and a Thomson galvano- 
meter. To reduce to absolute measure, another coil — 
about a foot in diameter, and containing 20 or 30 turns — 
is required. Having attached the small coil, or magnetic 
proof plane, to the galvanometer, it has merely to 1^ laid 
on the required spot, and, when everything is ready, to be 
pulled away suddenly and carried to a distance, and the 
momentary defie<flion of the galvanometer needle will be 
proportional to that component of tho lines of force At 
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that point which is perpendicular lo the plane of the coil. 
And iF applied lo the surface of a peiniancnt magnet, the 
so-called surface density of the magnetism at that point 
will be nearly proportional to the delledtion. In the case 
of an eledlro-magnet the surface density will he nearly 
pioporliooal to the deflection, minus (lie defleflion which 
would be produced by the helix alone, though the last is 
generally small, and may be negledled. By a cot! of this 
kind the ititensity of the magnetic field at any point may 
be determined, and a complete map made. The laigeEl- 
Bized magnets are to be preferred In obtaining the distri- 
bution by this method. 

An Application of tbe Horizontal Pendulum. — 
Hateourt Amory. — Zollner's paper on the horiiontal pcn- 
dalum suggested the application of the instrument to 
~ ' laws of the altraflion and repulsion of 
e which forms the upper support of the 
pendulum is connected with one pole of a battery, and is 
then ted along the horizontal bar of the pendulum, best 
made of gla(,3, and is bent in the form of a parallelogram 
at the extreuiity of the bar. Tlie wire is then led hack lo 
form the other pole of the battery through a fixed coil of 
wire placed in the neighbourhood of the end of the pen- 
dulum. The current first passes to the upper suspending 
wire, around the parallelogram at the CKlremity of the 
pendulum, through tbe lower supporting wire, through 
the outside coil, and returns to the battery. By turning 
tlie outside coil upon a horizontal anis, the laws of attrac- 
tion or repulsion of reflilinear cuirenls can be shown. 
The apparatus is well adapted to show the aflion of 
solenoids upon each other. 
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. 1. Francois Marie Alexandre Chauvin, Louis Hcr.ri 
Goizet. and Alfred Auhry, gentlemen, 23, Boulevard ;jt 
btrnsbourg, Paris, for the invention of " An improved 
eledltic submerged lamp." 

2495. Christian Heinzetling and Henry Liepman-i, 
both of Glasgow, Lanark, North Britain, for the inventioTi 
of " Improvements in the recovery and utilisation of ref jm 
caoutchouc and gutt.i-percha." 

ABSTRACTS OF SPECIFICATIONS- 

Improi^emenh in Grapnthfor Raising Submarint CalL:. 

— Waller Claude Johnson, civil engineer, 38, Old Broad 

Street, London. December 10, 1874. ^No. 4253. Tht 

objefl of this invention is to cut the cable and to raise o-it 

end only. The shank is similar in form and size to that 

of a grapnel ordinarily used for recovering cables. At tbt 

base of the shank are formed strong deep tapering jau-s, 

preferably two in number; in each of Ibe!^ jaws is placed 

a hinged clip capable of teceiving the hij-ht uf the cablt, 

the inner surfaces of which are roughened or grooii;d to 

as firmly to grip the interposed cable. A bolt of lead M 

other suitable material is placed under the clip so a? to 

keep it in the best position for receiving the cable, and a 

steel spring keeps the sides of the clip pressed fimiJj 

against the checks of tapering jaws. The prongs arc 

made wide at their base so as to guide the cable into the 

before mentioned clip. Near one end of ihis clip It 

situated a V knife, which is similar in constniflion lotha 

in ordinary cutting grapnels. 

Improvtmciils ill Ihc Construction and Wortiiig if 

tiilu'ay Signals. — Theodore Sington, Manchester, Lai- 

iSter, January 6, 1875.— No. 57. This invention con- 

ises; — First. The construflion and the mode of linn| 

the signal to the signal-post. Secondly. The use of the 

lagnet and armature in coniiinaion with the signal fa 

'oiking the same. Thirdly. Thefocmandmodeofwoiliiig 

the signal levers. Fourthly. The modeof interlockingll^i 

signal levers with the point levers. Fifthly. Theustoflhi 

eleiflric current for working the signal. SistWv. .' 

rfui eledlric bell intended to be used asafog'bdL 

nthly. An improved mode of arranging the signal' 

and posts arising out of the greater facilities offered In 

■ is new agency. 

Improvemmls in Thermo-EUctric Apparatus.— GitAim 
_ .mes WoUaston, 8, Park Place, Marylehone, Middleso, 
January 6, 1873.— No. 58. This invention relates 10 
apparatus for obtaining electricity in a convenient id 
economical manner from heat generated from the KfflJ- 
biislionoffucl. 
i PATENTS GRANTED IN FOREIGN STATES- 



TO CORRESPONDENTS. 



GRANTS OF PROVISIONAL PROTECTION I'OR 
SIX MONTHS. 
3335. Augusto Conod, watch and clock manufadiutcr, 
Laasanue, Swizertand, now of 8, Southampton Buildings, 
London, for the invention of " Improvements in eleflric 
clock apparatus, parts of which are applicable to ordinary 

George Westinghouse, iun., P . . „, ^. 

; present of llj, 



10 forwird thi. Joani»l fbt one fcii u lt< 
1,' Austria, Delgiuin.Bniil, Cuuda, Cues) Cm< 



Hupt.tcjIun.QiiH.China.Egypl.Fnince.GermiBy.GibrJirrJiin. 
HollsBd, India, li.ly, JumniM Jipm, Lunmbnrc. Mil«.KBii 
Mdnle Video, \atal. New ZuluDd, tioimty, Pombm), II«^ 
Koiima^a, Stivia, Swedm. Switieriuid, Uniled Sutei,UHl W* 
turkey, Spiis.and Well Cwtt of Sonih Anntict, £t tt. M. 
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Since the day when Eledlricity was first disco- 
vered, until now, its vast importance and its 
high destinies have grown upon the human 
mind. Fresh phases of its power, fresh results, 
new means of obtaining and governing its 
a(5lion, and multiplied ends to which it may be 
turned, have constantly discovered them- 
selves ; till to-day it stands out as one of the 
grandest subje(5\s presented to the scientific and 
practical world for investigation and research. 
Perhaps, however, no other Science or Art 
has exhibited so extraordinary a concurrence 
of anomalies. It is at once the most ter- 
rible monster and the most humble and 
obedient servant , its adlion is at one moment 
beneficial, at the next destrudlive ; its range is 
boundless, yet it may be ** cabined, cribbed, 
confined " at ease ; it is everywhere present, 
while its nature is only imperfe(511y understood ; 
and,tocrownall,althoughitisoneofthe most im- 
portant agents in the a(5lion and the phenomena 
of the universe, and increasing knowledge of 
its applicability to the needs of our race is of 
the utmost importance, no direcfl means of as- 
certaining the thoughts and discoveries of its 
students, or of bringing them before the scien- 
tific and mechanical community, at present 
exist. Attempts have been made to supply 
this want, and journals have been started 
with the professed objecfl in view x)f making 
public all that is known or can be learnt 
of Ele(5lricity in all its branches. But they 
have degenerated into unscientific records of 
unimportant events, and the purpose for which 
they were established has been lost sight of. 
Thus it comes that — while Engineering, Che- 
mistry, and other Applied Sciences have all 
their representative recognised organs — the 
Kledlrician finds himself without any current 
journal from which he can learn the events 
which are daily occurring of peculiar interest 
to himself. 



Such a want has now been supplied by the 
establishment of the Electrical News and 
Telegraphic Reporter. In its columns will be 
found the most valuable opinions of eminent 
Elecflricians and scientific men all overthe world. 
Articles will be contributed which will be of value 
not only to those who study Ele(5lricity as amateur 
experimentalists or scientific inquirers, but also 
to those whose daily life is bound up with the 
advancement of practical knowledge in all de- 
partments of the science, and who as elec- 
tricians, telegraphists, ele(5\rotypers, eledlro- 
platers, and chemists have continually to deal 
with the same marvellous agent of force in 
different ways. Nor will the doings of foreign 
societies be ignored as in times gone by, but, 
in the shape of carefully prepared abstrads, 
their proceedings will be presented to our readers. 
Every opportunity will .be given for the health- 
ful discussion of the science in all its branches, 
and a fair unbiassed course will be steered in 
all questions of dispute. 

This, then, is our Programme in brief. More 
we could promise, but prefer to let the new 
periodical speak for itself. The subjedl with 
which it will deal is of too great importance to 
need one word of recommendation. Daily ex- 
perience teaches us that we are as yet on the 
threshold only of a vast expanse of ele<5lrical 
knowledge. This has to be explored, and as 
the research gains in strength and intelligence 
the results will be far beyond all present con- 
ception. The feat of girdling the earth in 
forty minutes will be eclipsed by great deeds 
yet to be done, and if the establishment of 
the Electrical News and Telegraphic 
Reporter conduces to the hastening of this 
desirable end our objecfl will have been gained, 
and we shall be fully rewarded. 

Boy Court, Ludgate Hill, London, B.C. 
yuly ist, 1875. 
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THE ELECTRICAL NEWS. 

Vol. I. No. 7. 



THB GOVERNMENT TELEGRAPHS. 



The Report of the Committee appointed by the Treasury 
to enquire into the causes of the increased cost of the 
Telegraph Service since the acquisition of the telegraphs 
by the State has attracted no small amount of attention. 
With but few exceptions our contemporaries have taken a 
somewhat exaggerated view of the subjedl, for they seem 
to think that cheap telegraphy is now proved to be an 
impossibility. Before the next parliamentary session dif- 
ferent idea will, we trust, prevail. We believe that profit 
to the State is more likely to accrue by reducing the charge 
for inland telegrams than by depriving the public of present 
advantages. Both the Departmental Committee and the 
Press attach, we think, undue importance to the faift that 
the Telegraph Branch is not in the position of the Postal 
Department after the Introdudlion of the penny postage. 
We fail altogether to perceive the justice of such a com- 
parison. The transmission of a mere letter surely cannot be 
compared to the transmission of messages by the Elefiric 
Telegraph. If there is any force at all in the argument, 
it is on the side of those who advocate sixpenny messages 
and an extension of present advantages ; for as the 
charging only a nominal sum for the postage of letters has 
led to the Department becoming a source of profit to 
the State, it would seem to follow that by halving the 
present charge for messages the telegraph would daily be 
used by tens of thousands who, even under the present 
system, are greatly alarmed if a telegraph messenger 
appears at their door. Great economies can doubtless be 
effeded, but the obje(ft of the Government in acquiring 
possession of the telegraphs was to obtain greater 
advantages for the jpublic, and during the organisation 
of the system its financial success has necessarily been 
a secondary consideration. There is reason to believe 
that if Mr. Scudamore had not been hindered by monetary 
difficulties and opposition of every kind a still greater 
success would have been achieved. Be this as it may, we 
see no reason for alarm. In another column we give our 
readers a brief report of the Russian telegraphic system,. 
From this it appears that in Russia the expenditure 
exceeded the receipts during the first ten years, but from 
1857 to 1874 the excess of receipts over expenditure has 
been well marked and steady. The English telegraphs 
will eventuallyyield a like result. Be'ng entirely unconnedled 
with any Government department, and representing no 
commercial enterprise, our views are unbiassed, and we 
do not hesitate to say that the consequences of adopting 
cither of the courses proposed by the Committee 
should be very carefully considered. We look forward 
to the official statement of the Postmaster-General 
respeding this report. Meanwhile we may refer our 
readers to a letter which appeared in the Times of the 



5th inst. The writer is evidently well informed, and, upon 
fads and figures which he says are indisputable, he holds 
that the present rates are amply sufficient, not oiily to 
cover all expenses, but to leave a handsome surplus. He 
argues, and not without reason, that it would be as fair to 
compare the cost per man in the British Army with the 
cost per man in the Army of Ashantee, for the puipose of 
discrediting the Secretary of War, as to compare the pre- 
sent system of Inland Telegraphy with that in vogue 
under the old companies, for the purpose of discreditifig 
the Postal Telegraph authorities ; and thfcn he refets to 
the increase in the number of offices, of miles of line and 
of wire, &c.,* thus showing that the two periods which 
mark these changes can only be comparable for tht sakd 
of contrast. The writer proceeds : — 



** The Committee very wisely suggest that a large saving 
may be effeded by curtailing the present system of ' sig- 
nalling ' messages. . . . Now, it was within the knowledge 
of the Committee, although they do not say so, that it has 
been within the intention of Mr. Scudamore, almost from 
the date of the transfer, to curtail the system of * signal- 
ling.' It was seen, as clearly as the Committee see, that 
it nearly doubled the work of the clerks and the wires. 
If it could only be got rid of altogether the saving effe&ed 
would be enormous ; if it could only be reduced to one- 
half, or by one-third, or even a fourth, a heavy load of ex- 
penditure would be at once lifted out of the Department* 
The system, however, was inherited from the old compa- 
nies, together with the clerks who were used to it, ana it 
was rightly felt that to make any sudden change bnefore 
matters got into thorough working order would be to en- 
danger the public service both as regarded speed and accu- 
racy. A new system, several alternative systems, indeed, 
were prepared as long ago as i8ji, and are ready for 
adoption at any time the authorities may think safe for 
bringing them into operation. Here, then, is opened a 
wide area for reduction of expenditure. Any system that 
will relieve the wires and the clerks of an eighth of the 
work they at present have to perform will thrust the 
pruning-knife into the most luxuriant branches of tele- 
graphic expenditure. 

** With what appears to be an original suggestion of the 
Committee — namely, the closing of telegraph offices at 

? resent unremunerative — the public- will scarcely agree, 
ndependently of the fadt that such offices have, for the 
most part, been opened under public pressure, it is to be 
remembered that the principal outlay involved in their 
establishment has been already incurred. It is further to 
be remembered that such offices, though unremunerative 
at firjit, very soon become remunerative. For instance, in 
the year 1872, out of a total of 3444 offices in Great 
Britain, 728 were unremunerative. In 1874, out of a total 
of 3692 offices, the numbers of those which were not re- 
munerative have sunk to 449. Here again, therefore, if 
experience is to be our guide, we have a better prospedl of 
increasing revenue by keeping the unremunerative offices 
open than we have of decreasing expenditure by closing 
them. 

" The Committee suggest that a considerable saving 
might be effeded by the employment of the Royal 
Engineers in the construction and repair of telegraph lines 
instead of ordinary workmen. At the urgent request of 
the War Office the Royal Engineers have been employed 
for some time in what is known as the Eastern Division 
always, however, under a protest from the Head of the 
Telegraphic Department. In the North-Eastern and 
I North- Western Divisions the work has been done by 
ordinary workmen. What has been the result ? That in 
the Eastern Division, where the Royal Engineers were 
employed, the average cost of labour per mile of wire 
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comes out as £1 zgs. oid., while in the North- Western it 
comes out as £1 xis. 11 id., and in the North-Eastern, 
£i 6s. 5d. Seeing that the mileage of wire dealt with in 
Sie North-Eastern and North- Western distrids exceeded 
20,000 miles, the loss which would have accrued had the 
Royal Engineers been employed everywhere, would have 
been a serious one. Instead, therefore, of recommending 
the employment of the Royal Engineers, the fads would 
seem to point to their dismissal — if the objed be, as it 
ought to be, harmless redudion of expenditure. . . . 
There is no need to increase telegraph rates to make the 
Department a paying concern. What it wants in the 
first place is more capital. The sum voted for the pur- 
chase of the goodwill and plant of the old companies was 
no doubt a large one. The sum or sums provided for the 
enormous extension which has occurred have been 
miserably inadequate. The consequence has been that 
the Department has had to lead a kind of from hand to 
mouth existence, grabbing any stray capital it could lay 
hold of^ and stopping up holes here and holes there with 
dabs taken at random out of revenue. . '. . Hitherto, 
the Department has been loaded with all the first charges 
of a new and rapidly extending concern. As time goes 
on, these extra outlays will fall off, while the income will 
steadily increase. ... As matters stand at present 
the addresses on a shilling message average twelve words, 
while the message itself averages seventeen words, so 
that on the average twenty-nine words are now sent for 
IS. The Committee propose either to charge 6d. for 
every ten words, and to charge for the address as well as 
for the message, or to charge id. per word for address 
and message, or to charge 3d. per message, plus id. per 
word for address and message. Under the first scheme 
the public would have to pay is. 6d. for that which now 
costs them is. ; under the second, 28. 5d. for that which 
now costs them is. ; and under the third, is.5id. for that 
which now costs them is." 

While it is the duty of the Treasury to endeavour to 
make each department of the State a source of profit, 
it must not be forgotten that the extension of the 
telegraphic system has been attended with immense 
advantages, so that indirectly it has been profitable. A 
return to anything like the old system of charges would 
be a far greater calamity than the temporary loss of 
interest on money expended in purchasing the telegraphs, 
inasmuch as the commercial prosperity of the country 
would, by the adoption of such a retrograde step, be 
greatly impeded. 



ON INDUCTION CURRENTS PRODUCED IN 

TELEGRAPH WIRES. 

By M. LAGARDE. 
Inspector of Telegraph Lmes. 

For a very long time induction phenomena have been 
known to physicists who have, however, only studied 
them in their laboratories. The difference between their 
circuits and those of telegraph lines is so great that it is 
only of late years it has been convincingly ascertained 
that a current sent on one aerial wire will induce a current 
in the other when they are near each other for a sufficient 
extent. Morse, and other machines of that class, were 
unaffeded by these induced charges, hence the belief in 
their non-existence on telegraph conductors. When, 
however, Hughes's apparatus came into use, it was noticed 
in some places that it was not always possible to work at 
the same time through two neighbouring wires with his 
apparatus, whilst no obstrudion was offered to the use of 
ibe Mone on the ytry same lines. For a long time it was 
tbought thi» was owing to leakages between the two 



wires ; but it is now recognised that induction is the sole 
cause. I have undertaken, since 1869, numerous 
experiments on this subjedt, and though the results are 
incomplete, and show scarcely more than the truth of the 
fadt without indicating its law, I put them forth to the 
world in the hope of completing theoretic conclusions 
when other fa6ts shall be revealed to me by future experi- 
ments. When a derivation exists between two lines, and 
when a current is sent on one of them, if on the other 
there is a polarised eledtro-magnet receiver — such as 
Hughes — it will work if the derived current is strong 
enough, and if it is of a suitable direction in the coils of 
the eledro-magnet. The same thing takes place when 
the two wires starting from the same post are perfedly 
insulated on the line, but the earth at the post is defedive 
(too resisting) : then only one portion of the current 
nows to earth, the other betakes itself to the second wire 
absolutely as if they crossed at the two points where the 
two conductors unite with earth. But when the two 
wires are parallel and near for a g^eat length, and there is 
an induction by one upon the other — every time we work 
by one of them, each emission of current gives rise to 
two induced currents— one on closing au'd another on 
opening circuit. If these currents are strong enough, 
one of them will necessarily work the polarised eledro- 
magnet. By joining the line wire successively to each of 
the extremities of the eledtro-magnet's wire, the apparatos 
will always adt so long as transmission is effeded by the 
neighbouring wire ; on the contrary, there is only one 
extremity of the wire of the coils which can be joined to 
line so as to work the apparatus from a derivation cnrreot 
(or leak) between the two wires. We have thus, with an 
apparatus of this kind, a certain means of ascertaining 
whether, when the transmission sent on one of them 
affeds the other, the influence is due to indudion or 
derivation currents. The experiment, which consists in 
insulating the two wires at the opposite end, in sending 1 
current upon one of them, and then observing a galvano- 
meter placed in the other^s circuit, is insufficient, because 
it does not give any indication relative to the derivations 
proceeding from a common bad earth. 

In nearly all my experiments I made use of Hughes*s 
instrument, an instrument which a suitable regulation 
will render very sensitive : the remainder of my experi- 
ments were made with other polarised eledro-magnet 
instruments. Very sensitive galvanometers, whose 
deflexion is almost instantaneous, such as Thomson's 
mirror galvanometer, may be serviceable for these studies 
in certain cases, but not always. 

The first experiments were undertaken in 1869 on the 
underground line from Paris to Juvisy, at the time when 
it had Just been construded, and before it was conneded 
with the aerial condudors. The cables of this line are 
23 to 24 kilometres long, and the two smallest adjacent 
and parallel condudors are 8 millimetres from axis to axis. 
I first took the induced wire, and the inducing wire, in 
the same cable and contiguous one to the other, and I 
placed upon each of them at the Paris end one of Hughes's 
apparatus. 

I considered separately the case when the two wires 
were to earth through large resistances. 

In the first case when signalling on No. i wire, with a 
battery of 80 Daniell elements, the signal was recorded 
by the apparatus attached to the No. 2 wire, whichever 
end of the exciting coil was in communication with the 
line: the cause was therefore an indudion one. When 
the battery was of 150 elements, the induced current 
represented the value of a i Bunsen element ; that is to 
say, a i Bunsen element current sent along No. 2 wire 
produced the same effed upon the Hughes apparatus as 
did the induced current. These results ought not to be a 
matter of surprise, since, by reason of the wires' length 
and their condensing capacity, there are at the unioso- 
lated extremity of the inducing wire very strong charges 
which develope currents on the induced wire, one of 
whose extremities is to earth. 
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In the second case, which accords with pradice, the 
other ends of the two wires were in connediion with earth 
through resistance coils of 500 to 800 kilometres ; and it 
was found that induction likewise took place which 
differed hut little from that observed in the previous case. 
I was unable to ascertain what was the amount of 
induction at the second end of the wire; but it is 
nevertheless certain it must be inferior to that at the 
first end. 

On taking two wires in two different cables, indudion 
was still met with, but of much less strength. 

In order to ascertain the influence of length upon the 
intensity of these phenomena I had the two wires, upon 
which I experimented, cut in halves. By operating as 
before upon the first half of these condudors, and upon 
two other condudors contiguous to one another, I found 
that the indudtion observed in the second case was greater 
than that observed in the first, but less than the double 
of that same indudiion. This shows that it increases 
with the length of the wires, but less rapidly than the 
length. In other respeds I have been unable to deter- 
mine the exad relation of these indudlions. 

The indudEion between two wires of one cable is 
relatively considerable, and this is a strong argument in 
favour of separating underground and tunnel wires in 
preference to having them bound up together. 

Throughout my studies I have investigated the influence 
of the soil around a post upon the flow of eledricity to 
earth, and its propagation on the wires terminating there. 
To get some idea of this influence, I replaced the indudting 
wire sometimes by a large condenser, and at other times 
by a different underground line wire going from the 
central post office to the Lyons Railway, in order to have 
no indudion current between the two wires under experi- 
ment. A rheostat was placed between the earth and the 
point of jundtion of the battery's negative pole and the 
" earth knob " of the apparatus on the second wire. 

Everything being thus arranged, the following results 
were obtained : — 

(i). On sending a current into the first wire none was 
observed on the second wire, both of them being insulated 
at the other end, and without any rheostat resistance. 

(2). When 35 resistance units were used, and a current 
from a battery of 150 Daniell's elements was sent on to 
the first wire, currents were set up in the second wire 
capabU; of working the apparatus, provided, however, its 
setting was more sensitive than is required for ordinary 
work. The induced currents would also work the instru- 
ment with its customary setting when a rheostat resistance 
of 180 units was employed. 

(3). The extremities of the two wires being to earth, 
more striking results were obtained, for then the machine 
on the second wire worked with its ordinary setting from 
a current induced by a battery of 150 elements, and with 
only 30 rheostat units. 

These results are easily explained by the theory of the 
propagation of eledlricity. They supply the means of 
finding out whether the earth at a post is good or bad. 
To ascertain this two condensers, or one condenser and a 
rather long underground wire, are required. The one 
condenser should be joined to a strong battery by a 
switch ; the second should be joined up to the other pole 
of the battery through a very sensitive galvanometer or a 
polarised eledlro-magnet apparatus: both condensers 
should lead to different earths, the latter communicating 
with the earth around the post. If, when sending 
currents upon the first condudtor, the apparatus on the 
second does not adt, the earth around the post is good, 
for it must have too much resistance when the apparatus 
does ad. 

In the same year, 1869, I strove to ascertain whether 
any appreciable indudiion currents, inconvenient to the 
service, would be manifested between the aerial wires 
which were to be joined to the underground cables from 
Paris to Juvisy. For this objedt I eredted one day in the 
signal house of the underground linei at Juvisy, when it 



was fine and the wires were well insulated, a Hughes 
apparatus on one of them, between Juvisy and Macon, 
which call A, to 'earth at Juvisy; and for more than 
half an hour I received in a perfedt manner all the 
messages from Paris for Florence, effeded by another 
wire, which call B, adjacent to that from Juvisy and 
Macon. On making the line current successively enter 
by each of the extremities of the coils, I assured myself 
that the currents which worked the apparatus were really 
due to indudiion, and were not derived. When Florence 
sent to Paris upon B, indudiion currents were found upon 
A, but they were much less feeble than when Paris sent 
to Florence. This can also be accounted for by the theory of 
the propagation of eledlricity. Between Paris and M&con 
there were upon the route of these two wires underground 
portions of about 1000 metres length ; but previous 
experiments showed that the indudiion upon these portions 
could only have given very feeble currents : the observed 
induced currents could therefore have been almost due to 
the aerial parts of the wires alone. 

In 1873 I resumed these experiments upon several 
wires, and notably on two wires (C and D) which were 
adjacent to one another upon the same posts between 
Marseilles and Lyons. Stationing myself at Marseilles 
and placing the instrument on C — disconneded at Lyons 
— I received (when the instrument was suitably arranged) 
almost all the messages from Marseilles for Paris sent on 
D wire. These experiments were made, first when the 
underground sedlions from Marseilles and from Paris were 
in the circuit of wire C, and again when these portions 
were cut out ; the results were almost the same in either, 
case. When Paris sent to Marseilles by wire D, the 
phenomena of indudiion were not appreciable in my 
apparatus. , 

It was likewise observed on cutting wire C successively 
at Valence and Avignon, that indudiion diminished with 
the length; for when the disconnedlion occurred at 
Avignon, scarcely any signals were obtained, as was 
expedled from the results of previous experiments. 



EXPLANATION OF MR. L. SCHWENDLER'S 
DOUBLE BALANCE METHOD OF DUPLEX 

TELEGRAPHY. 

By W. P. JOHNSTON, Calcutta. 

General Theory of Duplex Telegraphy, 

1. Duplex Telegraphy signifies the simultaneous trans- 
mission of two messages, in opposite diredlions, through 

a single wire. 

2. In ordinary or single telegraphy the signals are inva- 
riably produced in the same manner, or by currents that 
arrive through the line from the distant stations, supposing 
the line to be worked on open circuit ; whereas in duplex 
telegraphy the signals are made not only by currents that 
arrive through the line, but also by currents that do not 
arrive, or, in other words, by the battery of the receiving 
station : this is always the case when the time of making 
contadl with the signalling keys at both stations is simul- 
taneous, and signals made in this manner are designated 




signals must necessarily follow one another in accidental 
succession; in fad, any one signal may be partly a 
•' single " and partly a " duplex " signal, and therefore— 
to secure regularity of working and to avoid constant ad- 
justment of the receiving relays— both the •• single »; and 
" duplex '• signals must be of the same strength : this in- 
dispensable condition is obtained by the ratios the different 
resistances bear to one another, and of this I shall ipcak 

further on. ^ _. 

3. As the receiving inatrumwi^ «sMA,>\i^\^a3fiKM8»% 
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connedled up with the line, the receiving instrument of 
any station must remain entirely unaffected when that 
station alone is signalling, — that is, it must at all times 
be free to record the signals sent from the distant station. 

4. A telegraph line worked on the duplex system has 
the following advantages over a line of two wires worked 
singly : — 

(a.) The charges and discharges can be exadly ba- 
lanced, 1.^., eliminated from the receiving instru- 
ments. 

(6.) A line worked duplex represents two lines far apart 
from one another, or on separate posts, for the 
disturbances due to voltaic induSion between 
two long parallel lines cannot be experienced. 

Explanation of the " Double Balance Method with Hand 

Adjustment^'* 

5. It will be convenient to ^ive here the general results 
of Mr. Schwendler's investigation, and these are as 
follows : — 

(a.) The branches of the bridge, with the exception of 
the one lying opposite to the line, must be equal 
to each other, and severally equal to half the 
measured conductor resistance of the line. 

(6.) The branch lying opposite the line should be equal 
to the sixth part of the measured condudlor re- 
sistance of the line, and in this — the smallest of 
all the branches — re-adjustment of balance should 
be made only. 

6. From the development of these general results it 
will be evident that they fulfil the following conditions : — 

(a.) The irregularity of signals in the one station is 
entirely independent of the irregularity of signals 
in the other station, just as in single telegraphy. 

(&.) The irregularity of signals in each station is due 
only to balance not being rigidly established. 

(c) If balance in either station is disturbed, a single 
adjustment in the branch (b) lying opposite to 
the line will re-establish that balance. 

(<f.) Any disturbance of balance, no matter to what 
cause it is due, will have the least possible effedt 
on the received signals. 

ie,) Maximum current at balance. 
/*.) Maximum magnetic effed of the maximum current 
on the receiving instrument. 

7. Fig. z gives the diagram of a line with duplex in- 
struments at either end of it. The arrangement of the 
resistances is the same at both stations, but the corre- 
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sponding resistances are not necessarily equal, for mea- 
soremenu taken from Stations I. and II. for the conduction 
resistance of the line will not, as a rule, agree, owing to 
to the resultant fault being nearer to one station {vide 
Testing Instrudions). 

8. K'and K" represent the signalling keys (to be described 

hereafter) ; ^ and ^' represent the receiving instruments, 

ocmBisttnur of Siemens's or d'Arlincourt's relays ; a' a". 

^K ^V;/'/'; w^n^ W" represent elcarical resist- 



ances (ordinary resistance-boxes) ; L represents the mea- 
sured conduction resistance of the line ; E' and E" repre- 
sent the signalling batteries, their internal resistances 
being B' and B" respectively. 

g. The resistances from point i through Station I. to 
earth, and from point 2 through Station II. to earth, or 
the complex resistances at Stations I. and II., we will call 
p' p"* respectively. 

10. The best arrangement for these resistances is as 
follows : — 



and — 



a 



6=f = k 



if the line has no leakage : if the line has an appreciable 
leakage, then — 



a^g 



d^f^h 

a 



will be still approximated, and h will increase {rom 

~ to a certain limit. But as the resistance of g (the re- 

6 

ceiving instrument) is fixed from a number of tests takea 

of the line, the resistances a, <f, and / also become fixed 

and severally equal to g. 

11. On depressing the key k' at Station I., for the pur> 
pose of transmitting a signal to Station II., the sent current 
divides at the point x, where the following paths are open 
to it, viz, through a\ g\ d\ and through b\ g*, L ; and the 
duplex arrangement at Station II., or, in other words, the 
current at the point x, enters a bridge the four branches 
of which are the resistances a\ b\ d\ L+p" (the line and 
the complex resistance at Station II.) : the galvanometer 
branch of this bridge being g", clearly g* will receive two 
currents in opposite directions, and unless a' <f' = &'(L-|-p") 
these currents will be unequal, and their difference will ad 
on the relay g\ influencing the signals sent from Station 
II. As mentioned above, the resistances a' ami </* are 
fixed ; and as the resistance of the line (L) cannot be al- 
tered, the resistance in the branch b' (the branch lying 
opposite to the line) must l>e increased or decreased as 
may be found necessary till a'd' = b* (L-fp"), i./., the 
branch b' must be adjusted till, on depressing the key k\ 
the relay g' receives no part of the current. 

12. Suppose now the branches b' and 6", at Stations I. 
and II. respectively, to be adjusted so that a' d* = &'(L +/>")• 
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and that a"</" = 6"[L+p')» then either station can send 
signals without working its own relay, and this condition 
is called " balance for permanent current." On tracing 
the arriving current at either station we shall see wl^ fA^ 
justment is confined solely to the " b '* branch. Depvoi 
key k" at Station II. and the current divides at the point ji 



* Letters used without any aecen^ refer eqaallijr to both 
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— one part goes through 6" and d" to earth, the other part 
goes through a" out to line, no portion of it going through 
^", because o"<f" = i''(L+p') : the current that arrives at 
Uie point I at Station I. has the following paths open to it 
through g't b\/' and through a', 6', rf', or, in other words, 
at the point i it enters a bridge (see Fig. 2) the four 
branches of which are the resistances a\ /', g' (the re- 
ceiving relay), and d'. The galvanometer branch of this 
bridge being the resistance 6*, clearly b' will receive two 
currents in opposite directions, and unless a* d''=g'/* those 
currents will be unequal, and their difference will pass 
through b' ; but a\ d\ g\f' are all equal, and therefore no 
part of the current arriving at point i from Station II. 
passes through 6', — and it is for this very reason that ad- 
justment is confined solely to the *' b " branch, because 
any alteration of the resistance in this branch under these 
circumstances has no effe<5t whatever on the arriving cur- 
rent, f. ^., when one station has obtained balance for 
** permanent current " the other distant station may alter 
the resistance in its *' b '* branch from zero to infinity 
without disturbing that balance in the distant station in 
the slightest degree. The equation ad—gf=^0 is called 
'* tht immediate balance condition" and the rigid fulfilment 
of this condition is of the greatest pradlical importance to 
the success of duplex working. 

13. The reason why the method is called ** the double 
balance method " is now clear, for there is balance in the 
**^ " branch for the outgoing current, and there is balance 
in the •* b " branch for the incoming current. In all the 
other known duplex methods, balancing the outgoing cur- 
rent at one station disturbs invariably the balance at the 
other station, and therefore, if balance in any one station 
has once been disturbed, it can be regained only by suc- 
cessive adjustments in both stations. This is a most 
serious objedion to duplex working, and has been entirely 
avoided by the ** double balance," where, moreover, the 
adjustment of balance is conveniently confined to one 
branch (b) only. 

(To be continued). 



and therewith 



ON THE ELECTRIC RESISTANCE OF AIR. 



** In the case of metals " (writes M. Oberbeck, in a recent 
number of Poggendorff's Annalen) *' we obtain nearly the 
same numerical values for their relative conductivity for 
electricity and heat. Paalzow has shown that there is not 
such an agreement in the case of liquids which are decom- 
posed by the current. On the other hand, gases might 
present such a relation : at least hydrogen seems to excel 
the other gases in conductivity for heat and electricity. 
While, however, we have had several recent determina- 
tions of resistance of solid and liquid conductors, the pre- 
liminary question has not been decided, for gases, whether 
the passage of electricity through them, in certain circum- 
stances (with high temperature or low density), is to be 
conceived as qualitatively similar to that through solid 
conductors. Hence, in one of the most recent investiga- 
tions on the subject, MM. Wiedemann and Riihlmann 
quite depart from the usual methods of determining re- 
sistance, and have treated the question with quite other 
means. However interesting the results of this research 
may be, they yet furnish no conclusions as to eleClric re- 
sistance proper, but only as to the resistance presented by 
the gases at the beginning of the discharge. Hittorf, 
however, has found that with low density of ^as the resist- 
ance of the negative glow light — f.^., the resistance at the 
cathode — greatly exceeds the proper resistance of the gas ; 
and on the other hand, with greater pressure, it is chiefly 
the positive light — i.^., the glowing gas traversed by the 
eledric current — that occasions the weakening of the cur- 
rent. Hence, with ordinary conditions of pressure, we 
may regard the passage of eledricity through a gas as 
passage through a solid condudor. It seemed to me inte- 



resting to establish this faCt once more, 
determine the resistance, first, of air." 

With this view M. Oberbeck examined the resistance in 
the path of the induction spark. His experiments wei« 
arranged as follows : — A spark-micrometer with steel 
points, a galvanometer, and an easily variable resistance 
(dilute blue vitriol solution in a thin glass tube), were in- 
serted in the circuit of an induCtion-current. The resist- 
ance of I cm. of the liquid column might be taken at 
about 600 Siemens units. With the aid of a tangent gal- 
vanometer in the inducing circuit, the current in the latter 
was noted, and rendered constant. Each experiment was 
several times repeated, and the mean taken. The rheostat 
was first brought to zero, so that in the induction circuit 
there was only the resistance of the induCtion-apparatus, 
the galvanometer, and the spark. Then a spark-interval 
of I m.m. was arranged, the interrupter worked, and posi- 
tion of equilibrium of the galvanometer needle (soon be- 
coming constant) observed. The spark interval being now 
increased i m.m., another observation was made, and so 
on. Then the current was reversed, and the same pro* 
cesses were repeated. At 9 m.m. the spark discharge 
ceased, changing to the glow. The galvanometer needle 
then went back to zero, mdicating that only a very small 
fraction of eleClricity streamed out. In the second and 
third series of observations the resistances 20 cm. and 
50 cm. of the blue vitriol tube were commenced with. 
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M. Oberbeck gives the numerical results in a table, and 
in the accompanying curves to correspond, in which the 
spark-lengths are abscissae (i, a, 3, &c.) and the current 
strengths ordinates. The three curves correspond to the 
resistances o cm., ao cm., and 50 cm. respeftively (the 
upper first). 

The numbers were now to be utilised for estimation of 
resistances. It was important to obtain the resistances of 
the spark path for equal strengths of current; so M. Ober- 
beck takes, from the three intensity curves, those abscis8«e 
(spark- lengths in millims.) corresponding to equal current 
strengths. Then, subtradingthe spark-length with 20C.m« 
resistance from that opposite it, with o cm. resistance, he 
obtains that spark-length whose resistance, with the se* 
leaed current strength, = 20 cm. And similarly with 
the two other series. Thus series of spark-lengths are 
obtained whose resistances are respedively equal to 
20 cm., 30 cm., 50 cm. : these are also tabulated. 

Hence may readily be deduced the resistances of i m.]ir. 
spark-path, as fiindions of the current strength (i), nd 
expressed in centimetres of the liquid serving as reaiefe* 
ance. These are given in the following table :*- . 
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60 lJ-5 "o 12-2 

50 — iro " 

!l is remarkable that the numbers diverge but slightly 
ftom each other, while, as we know, the aspeil of the 
spark phenomenon is quite different in short and in long 
sparks. The variation of the numbers is explained, if we 
consider the a£tuat lengths of the spark, from whose 
differences the resistanceB arc calculated. According to 
external appearance the seflion of the spark-palh increases 
at first, with the elongation of the interval, to a maximum, 
reached at about 3 to 5 m.m. : from that it diminishes. 
With mean length of spark, therefore, the resistance of a 
r m.m. path must be about the smallest. With greater 
intervals and smaller current strengths an increase of the 
resistance occurs, arising partly from diminution of the 
Be A ion. 

"Thus we have evidence," M. Oberbeck concludes, 
" that it is possible to fix the numerical values for the re- 
sistance of glowing intervals of air just as well as for 
solid or liquid conduflors. The next task will be to extend 
the resear<.h to other gases." 



ON UNIPOLAR CONDUCTION OF ELECTRICITY 

THROUGH GAS LAYERS OF DIFFERENT 
CONDUCTIVITY. 

In the early part of this century it was shown by Erman 
that the flames of a large number of organic subsianceg 
conduced preferentially positive eleilricity. His re- 
searches have since been Confirmed and extended by 
Hankel, Becqiierel, Hittoif, and others. Hankel proved 
the same relations fur a mixture of inflamed gases; 
Becquerel for unmixed gases (CO,, H, air, &c.) healed to 
the red-heat of solid bodies. Hittorf has recently shown 
that also in rarefied gases made to glow with the induc- 
tion current, there is a peculiarly strong resistance at the 
negative pole. 

Phenomena of unipolaiily present themselves if a gal- 
vanic current be sent through a glowing mass of gas by 
two electrodes of difierent size, f.;;., a plate and a wire. 
The current has a greater intensity when the plate is 
cathode. But this is only one form of unipolar conduc- 
tion : the phenomena are also obtained when two equal- 
siied eleflrodea arc inserted in a gas-fJame- The question 
arises — What are the circumstances conditioning the uni- 
polariiy in this case ? 

In a recent paper in Poggeudorff'i Annalin (No. 4, 
187s) the subjeift is investigated by M. Ferd. Braun. After 
describing his method of experiment, he discusses suc- 
cessively the connexion of unipolarity and (what he calls) 
tbejfani^ currinl, the dependence of the resistance on the 
intensity of the current, and the influence of widening the 
distance between the electrodes on the resistance of the 
fl^me. The following is his resiinU of results : — 

I. Whenever two met alii c ally- c on neifled wires are in- 
serted in the glowing gas-mixture of a flame there arises, 
in general, a current, formed by the superposition of two 
currents 1 a Ihtrmo-cvrrtnt, due to the difterent lempera- 
ttire of the wires, and another caused by the difference of 
surrounding of Che eledlrodes. This latter current, which 
Miemay regard as analogous to the current of a galvanic 
battery, I name the coalacl-currtnl ; the algebraic sum of 
the two, the flaou-currenl. 
a. We m^ make the con tad- current greatly eueed the 



thermo-currenl. by surrounding one of the two eleflrooe* 
(as nearly equally warm as possible) with gasei which are 
different from the gases surrounding the other eledrode- 
Under such conditions, it appears that a current, the 
eledlromotive force of which does not exceed that of the 
flame-current, has always less resistance in the diicAiOB 
opposite to the con taA- current, and mostly, also, in the 
direction opposite to the flame-current, than with it. 

3. If we would explain the phenomena of unipolarity 
by" a resistance at the cathode increasing with the density 
of the current, no simple law appears for this, as e^., thai 
it is proportional to the density of the current. 

4. It is thus explained how the intensity of the current 
varies in a very complicated way with the eledromotivE 
force. 

5. It is shown by experiment that at the anode iIm— 
even when it is surrounded by comparatively good can- 
dueling gases — there is a resistance increasing consider- 
ably with the density of the current. 

6. The intensity of a current which flows in the direc- 
tion of the better conduflivity decreases when I he 
ele€lrodes, placed in a horizontal sefliion of the flame, are 
approximated to each other. On reversed diredion of 
current the behaviour is normal, ij., as in the case of t 
metallic or eleflrolytic conduAor. 



THE TELEGRAPH IN ROSSIA- 

Fbom a Report of the Russian Telegraphic System forth* 
year 1873 we learn that the constniflion of elearo-mag- 
netic telegraph lines in Russia began in 1853. Preminng 
that a wtrsl = about f of a mile and a roubU about 31. 4d-, 
we take from the first of the tables showing progress the 
following figures :— Telegraph lines in 1857, 7315 weitti; 
telegraph wires, to,t44 w, ; number of telegrams, 170,110; 
receipts in roubles, 417,637. The corresponding nonJwi 
for 1873:— 71,348; 143,069; 3.43'. 574; '""J 4,630."^ 
The greatest increase of lines and wires was in 1870 ; yearly 
average increase, 4010 w. telegraph lines, and 7944 w. tele- 
graph wires. A second table compares home and (breign 
telegrams, both of which classes show increase— the 
former most (eightfold from i860 to 1873. while the toreign 
have increased fivefold, the official threefold). A third 
table compares receipts and expenditure. During the finl 
ten years, from 1857, there is a minus of receipts, tat 
during the remaining seven the case is reversed ; and the 
minus disappears, if we leave out the expenses of coo- 
strudlion of lines. The excess of receipts over expendi- 
ture in i86j> to 1873 is well-marked and steady, notwith- 
standing the cost of construdion (in 1871 and 1871 
amounting to 769.000 and 902,000 roubles respectively). 
A fourth table informs us that there were, in 1873, 
1474 stations, with 1607 apparatuses of the Morse systen 
and 76 of the Hughes (they are worked by, in .11, 51.586 
Meidinger elements). On January ist, 1874, there were 
324] w. line-length of private telegraphs, with sg stations; 
the hne-lenglh of railway telegraphs, ia,973 w., with 
793 stations ; that of state telegraphs, 55.644} "■. »"<1' 
681 stations (wire-length more than double line-length m 
Che former case, neatly double in the latter). Of the 
foreign telegrams sent in 1873, 33-5 per cent were to Off- 
many, 17-6 to Great Britain, is'4 to Austria, and 9-8 to 
France ; altogether 76 per cent. The greatest incrcaM 
was to Sweden (35 per cent on previous year), while there 
was a falling off to Italy and Greece of 21 and 30 per cent 
rcapeflively. Most inland telegrams were exchanged in 
August, fewest in April (about 252,000 as against 212,000] ; 
most foreign in September, fewest in December (about 18,000 
as against 19.000). The number of telegrams from St. Pe- 
tersburg was 399,383. and there were II stations whiijl 
sent over 30,000. Comparing the gross receipts with tbt 
number of telegrams, we have an average <£ i ronUt 
26 kop. for every inland werst ; i rouble 54 kop- fc* W1 
ii\t«[ntition<d. (The kopeck • about ^.J 
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The arrangements for the forty-fifth meeting of the 
British Association, to be held at Bristol on the 25th inst., 
are approaching completion. The President and Lady 
Hawkshaw will be the guests of the Mayor, who will in- 
habit the new Mansion House recently presented to the 
city by Alderman Prodor. The Secretaries of the various 
Sedions will be lodged at the Queen*s Hotel. The fol- 
lowing are the officers ; — President-Elect — Sir John 
Hawkshaw, F.R.S.. Vice-Presidsnts-EUci— The Rt. Hon. 
the Earl of Ducie, F.R.S. ; the Rt. Hon. Sir Stafford 
Northcote. Bart., F.R.S. ; the Mayor of Bristol ; Major- 
General Sir Henry C. Rawlinson, F.R.S. ; Dr. W. B. 
Carpenter, F.R.S. ; W. Sanders, F.R.S. General Secreta- 
ries — Capt. Douglas Galton, F.R.S. ; Dr. Michael Foster, 
F.R.S. Assistant General Secretary — George Griffith, 
F.C.S. General Treasurer— Prof. A. W. Williamson, F.R.S. 
Local Secretaries — W. Lant Carpenter, F.C.S. ; John H. 
Clarke. Local Treasurer — Prodor Baker. The following 
are the Presidents and Secretaries of the Sedlions : — 
A. Mathematical and Physical Science. Priest dent — Prof. 
Balfour Stewart, F.R.S. Secretaries—}. W. Glaisher, C. 
T. Hudson, J. Perry, G. F. Rod well. B. Chemical Science. 
President — Prof. A. G. Vernon Harcourt, F.R.S. Secre- 
taries — Dr. H. E. Armstrong, W. Chandler Roberts, W. 
A. Tilden. C. Geology. President— Dt. T. Wright, 
F.R.S.E., F.G.S. Secretaries— L.C, Miall, E. B. Tawney, 
W. Topley. D. Biology. President— P. L. Sclater, F.R.S. 
Secretaries— E. R. Alston, Prof. W. R. M'Nab, F. W. 
Rudler, Dr. P. H. Pye Smith, Dr. W. Spencer. E. Geo- 
graphy. President — Major-General Strachey, F.R.S. 
Secretaries— H. W. Bates, E. C. Rye, F. F. Tuckett. 
F. Economic Science and Statistics. President — James 
Heywood, F.R.S. Secretaries— F, P. Fellowes, T. G. P. 
Hallett, E. Macrory. G. Mechanical Science. President 
— William Froude, F.R.S. Secretaries — W. R. Browne, 
H. M. Brunei, J. G. Gamble, J. N. Shoolbred. The Pre- 
sident's Address will be delivered on Wednesday, August 
25, at 8 p.m. On Thursday evening there will be a Soiree, 
On Friday evening, at ^past 8, Mr. Spottiswoode will 
discourse on *' The Colours of Polarised Light." On 
Saturday evening Dr. Carpenter will ledure to working 
men on '• A Piece of Limestone." On Monday evening, 
the 30th inst., Mr. Bramwell will ledure on " Railway 
Safety Appliances.*' On Tuesday evening a second Soiree 
will be held, and on Wednesday, September ist, the con- 
cluding General Meeting will be held. 

The Peruvian exploring vessel Chalaco has been en- 
gaged in taking preliminary soundings between Chorrillos, 
in Peru, and Caldera, in Chili, with the view of laying the 
submaiine cable between these two points. The route 
examined was on a line starting from Chorrillos, and passing 
within 4 miles of the island of San Gallan, forming here 
a slight deviation towards the coast, and then running 
parallel to it for about 20 miles, about 8 or 10 miles off. 
The depth of the sea as far as San Gallan is not great, 
not exceeding a maximum of 100 fathoms, the bottom 
being all along a mixture of mud and gravel. From 



of Chala, where a depth of 600 fathoms was noted. The 
submarine exploration, so far as it goes, proved that no 
difficulties would be met with in laying the proposed cable. 

It is contemplated to connedt the Kangra Valley with 
the general telegraph system, at an early date. This 
measure, states the Times of India^ besides serving the 
military stationed at Dhurrumsala, Dalhousie, and Fort 
Kangra, will be a boon to the large tea-planting interest 
in the Valley. 

The Bangalore correspondent of the same journal says 
that the revised scheme for the Educational Department 
came into force on the ist of July. The High School at 
Bangalore is to be called *' Government College," and a 
Vice-Principal for the College is to be got out from 
England : his special attainments are to be Natural Sci- 
ence, Philosophy, and Chemistry. The salary attached to 
the post Is very small. 

The average time occupied in the transit of messages 
by the Indo-European Telegraph Company between 
London and India vid Teheran, including messages for 
Penang, Singapore, China, Japan, Java, and Australia, 
during the week ending August 6, 1875, was i hour 
23 minutes. 

A projedt has been set on foot to connedl all the public 
clocks of Paris with the chief clock of the Observatory. 
A telegraphic wire will unite it to the Luxembourg clock, 
which will in turn, by means of a series of wires, com- 
municate its time to the Exchange, Law Courts, Town 
Halls, Churches, and most of the public buildings. The 
Observatory regulating time-piece is placed in the cata- 
combs, so as to be away from the trembling influence of 
the ground ; the time-piece scarcely varies one-tenth of a 
second in a year. 

The following is an interesting example of the use of 

the Gramme machine for lighting purposes. The premises 

(a large iron foundry in France) are lighted by four lamps, 

each in eledrical union with a Gramme machine, which 

are placed adjacent to the foundry, and 1700 rotations a 

minute are effeded by means of a steam-engine used 4n 

the ordinary work of the fadory. Each set of carbons is 

surrounded by a diffusing globe, so that the light does not 

appear as blinding points, but as four large shining white 

globes. The area of the building is about 182 feet by 

9 1 feet, and the lamps are placed at a height of 17 feet 

above the ground in the corners of a redangle 70 feet by 

46 feet. This arrangement is found to suit admirably ; 

the intensity of the light is nearly constant, and scarcely 

any shadow falls, on account of the rays from the four 

lamps crossing each other's paths. The cost, as far as at 

present ascertainable, is estimated thus :— The carbon 

poles, 0250 metre each long = 0*500 m. for every lamp; the 

se^ion equalling 6 square m.m. The upper carbon is 

consumed in three hours, the lower in five hours ; hence 

ihe two may be reckoned as burnt away in four hoars, or 

0*125 metre per hour per lamp. This, at 175 francs a 

metre, equals 0*22 franc per hour per lamp ; and to this 



thence the soundings began increasing as far as the Morro must be added an estimated cost of Q-04 franc for drivia^ 
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each machine. The total expense thus becomes i'04 francs 
per lamp per hour, //»5 the interest upon the cost of the 
machine and charge for its wear and tear. 

An exhibition of all* kinds of eledtrical and telegraphic 
apparatus will probably be opened in Paris in December. 
We hope to give further particulars in our next issue. 

There is at length a fair prospedl that telegraphic 
communication with the Channel Islands and the Isle of 
Man will be re-established within a very short time. The 
cable ship Caroline is at the present moment shipping at 
Silvertown some twenty-five miles of new cable for the 
Channel Islands, to replace a great portion of the faulty 
cable now submerged between Dartmouth and Guernsey; 
and it is hoped that she will drop down the river about 
Thursday on her way to Dartmouth. Should fine weather 
be experienced, she may have completed this portion of 
her undertaking in about a fortnight from now, and this 
being so, she will proceed to the Isle of Man to recover a 
portion of the faulty cable submerged there, and to lay 
new shore ends in readiness for a new deep sea se(5tion of 
cable at present in course of manufadure. A month or 
six weeks of fine weather will probably suffice for the 
completion of the whole of these important operations ; 
and towards the middle or end of September we may 
hope to be once more in dired communication with the 
Channel Islands and the Isle of Man. The Post Office 
has been singularly unfortunate with its cable communi- 
cations recently, and has had to incur great cost in order 
to maintain the service with isolated parts like Jersey and 
Guernsey. We are not aware, remarks the Times, 
whether the traffic to the Channel Islands and the Isle 
of Man is of a remunerative charader; but, assuming 
that it is not, that would be no good reason why they 
should not enjoy the benefits of telegraphic communica- 
tion, and the circumstance is worth bearing in mind in 



tion of this interesting article will be given in full in our 
next number. In it M. G. Plante continues his 
observations and experiments detailed at page 7 of this 
journal. 



Les Mondes, Vol. xxxvii.. No. 13. July 29, 1875. 

Contains no eledrical or telegraphic news. 

The Telegrapher, July 3, 1875. 

Fifteen Years' Tele^aphic Progress. 

Telegraphic Signals — How Trains are Ron 

Through Bergen Tunnel. — (From the New Jeruj 

Evening jfournal). It is claimed by the managers of the 

Erie Railroad that the system of signals in use at their 

tunnel through Bergen Hill is the safest and best that if 

in use at the present day for the running of trains throagh 

a tunnel. The eledric signals by which this plan of 

running trains is carried out, are connedled by insulated 

wire or covered wire running over the hill, thus makiof 

the connedtion between the two signal houses which are 

at each end of the tunnel. In each of these houses is as 

eledlrical signal machine, which is so arranged that when 

the key is closed at one end of the tunnel, the bell strikes 

lour times at the other end, and by this the signalmin 

knows that a train has just passed out at the other end all 

right', and that he can let in another. It is a rule that 

two trains shall not be let into the tunnel at one time on 

the same track, and that on the rear of each train roost be 

a red light, and ^e signalman, whose duty it is to seod 

back the signal '* All right " must see that the train had 

such lights on the rear of the car when it passed by the 

signal house. In a busy time the two roads that use this 

tunnel, the Erie and the D., L. and W., often niB as 

many as 300 trains through in a day, and it is often the 

case that two trains bound west come up to the mouth of 

the tunnel, or the place where they are all obliged to stop 

before going in, at nearly the same time, and the traio 

that stops first has the right of way in the tunnel, the 

other not being allowed to start in until the one preoed* 

it has been signalled back as having passed through aU 

right. Should a train be gone over fifteen miaotet 

without being signalled back as all right, the waiting 

train will be sent in with a note to the signalman at the 

other end to send back two signals when the last trais 

passes him, and he is also cautioned to look out and to 



the present circumstances of the Telegraph Department, i proceed in a cautious manner. It takes on an average 



It is true that both islands had telegraph communication 
under the old telegraph regime ; but so far as the charge 
for messages was concerned they might have been 
situated in France or Germany, it was so excessive. 
They were indeed " foreign parts " to the English tele- 
graph system of those days. 



ELECTRICAL SCIENCE IN FOREIGN 

JOURNALS. 



(This columo is devoted to a list of Elcdlrlcal Memoirs pub- 
lished in Foreign Journals. Those of importance will be cither 
trsxishited in full or given in abstract.) 

Comptes Rtndus Hthdomcdaires des Seances de V Academic 
des Sciences, Vol. Ixxxi., No. 13, July 26, 1875. 

Distribution of Magnetism in Bundles of Very 
Thin Plates of Infinite Length.—By Jules Jamin.— 
A continuation of former papers on the same subjedt (see 
Electrical News, pages 16, 27, and 52). It will appear 
fully translated in an early number. 

Researches upon Phenomena Produced by High 
Potential Eledtric Currents and their Analogies 
mfih NMimtmi Phenomena.— By G. Plant€.— A ItansVv 



about six minutes for a train of ordinary length to go 
through. Should any accident happen to a train iatks 
tunnel it is the duty of the condu^or to send a sua 
back with torpedoes and a lantern to signal trains of 
danger ahead. Should two trains be let into the tnnod 
with an interval of fifteen minutes, and no signal of tbdr 
safe arrival be sent back to the end from which tbcy 
started, no more trains would be let in until a man haid 
walked through the tunnel and back, and seen that no 
obstrudlion was in the way. So that if a train shonU 
break in two in the middle while in the tunnel, tbeic 
would be no accident, if all hands did their duty. TW 
way in which trains are signalled from the houses dorisf 
the. day, is by a large wooden circle, which is on the top 
of the signal house, it standing with the white uk 
visible when a train is in the tunnel, and the red OM 
when "all's well." In the night a red and white fijijk 
is used in its place. It takes twenty cups of an ordiusy 
battery to keep the thing in working order, and Ut, 
Conklin, the superintendent of the tunnel, who has hdi 
his present position for the last six years, is always theft 
during the day time, and it is mainly through In 
exertions that the present system of signals used here il 
so perfectly managed. The tunnel has two tracks 
through it, and the same rules apply to the one track M 
well as the other, as there is no rule prohibiting thi 
running of the two trains through on different tiads ift 
the same time, but trains must always take the ri||C*^ 
V Yiaxid tiack in going throughr The sjgmlimm knom W 
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the number of slrokes ot (he bdll just whal has transpired 
al llig other end, :ind he signals the engineer accordingly. 
Elc^rical Arrangement of the New Palace Hotel 
at San Francisco, Cal. — This is said to be the lareest 
hotel in the world, and will contain iioo rooms. Thtrc 
will be one ele^rical annunciator on each tluor, contain. 
ing from izo to 160 numbers each, with its special service 
in constant attendance. Each room is provided with a 
push bullon, communicaling with the ollice,also with an 
antoniatic thermostatic fire alarm, which, by a slight 
iDCrease in the temperature of the room, rings the bell 
coDiinuously in the oEHce, and at the same timt 
announces the tooni from which the alarm proceeds. 
Tbcrc will be about iGo eUiftrical clocks throughout the 
building, all governed by one regulalot in the oihce. 
There are already about i:o miles of copper insulated . 
wire running through the building fiom the different rooms I 
to the main ofQce. There will be seven annunciators in I 
mil the building, besides one small one in each elevator. I 
Bach floor has a tube receptacle for letters for the Post 
Office. There is a pneumatic dispatch lube, by which 
ineMages and parcels can be instantaneously sent to any 
point on the different floors. The watchman's tell-tale 
indicator in the office faithfully reports the intervals of 
the watchman upon his regular rounds both day and 
night, aod in other respeds indicates the method and 
manner of his attention to duly. 

The aalvanic Battery.— An abslraft of the Count du 
Mnncera report on the Chutaux battery. 



J«ly „ 



■SIS' 



Battery Covets. — See Electrical News. vol. I., p. 44. 

A Curious Magnet.— A notice of M.Jamin's paper in 
CotnfiUi RtttJus of April ;, referring to Galileo's letter to 
Curzio on a magnet which had the propetly of allraAing 
one and the same pole of a bar of steel when at a distance, 
and of repelling it when near, whilst it attrailed soft iron 
at any distance. M. Jamin lias found that a steel bar 
may be magnetised to saturation by a very powerful 
current, and the magnetic fluid will penetrate to the very 
core of one of his halves, which he calls positivt. T.'iis 
being obtained, the same bar is exposed to an inverse 
current, which, veiy weak at the outset, gradually in- 
creases in intentity, and determines a boreal or negative 
magnetisation, merely superficial at first, but going down 
■leeper hy degrees, leaving, however, positive strata 
further down. The outer surface is now carried off by 
corrosion in an acid, so that the exterior negative surface 
is removed and the subjacent positive strata are brought 
to light. A bar thus prepared will behave like Galileo's 
steel in the presence of a common magnet. 

New Absolute Galvanometer. — A desctiplion of the 
galvanometer described by Professor Guthrie, as con- 
■truaed for him by the Messrs. Elliott. Its principle 
depends upon (he computation of the strength of the 
current by the measurement nf the mechanical force 
necessaiy to bring to a given distance from one another 
two elefiro- magnets, which are afieded by the current in 
■nch a fashion that they repel one another. The galvanic 
current whose foice is to be measured, coils around two 
fixed soft iron masses, rendering them magnetic, and then 
around two movable soft Iron masses suspended by a 
vertical thread. Many of the laws of cle£t re- dynamics 
may be readily illustrated by this instrument, and not 
only may different currents be compared with the greatest 
ftccnracy, but the absolute mechanieal value of the current 
may be at once arrived at. 

Magnet! for BleiftrO' Mot on .-Magnets or arma- 
tures for eledro-motots may be softened as follows: — 
Heat the iron to an even dull red heat all over ; and if the 
surface of the iron has not been faced off in b machine, 
lightly file it to remove the scale, and then immerse it in 
common soft soap, allowing it to remain therein until it is 
quite cold. Then re-heat the maeoet to an even red heat I 
wboH redness is barely perceptible, and buiy it in pul- I 



\ veriscd lime, wherein it must also remain until quite cold, 
I »'lien llie uiclal will be found as soft as it is possible to 
I make it. and the blade of an ordinary penknife wilt cut it. 
I At the second heating the iron will emit a light blue 
I flame, showing the sBcdt of the immersion in the soft 
soap. Tiie condui3ihili(y of the magnet may be, by thia 
I procfijs, very much increased. 

American Arlitnn. Vol. xix.. No. 7. July, 1875. 
Bean's Pneumatic Ele^ric Gas Lighting Ap. 
paratus. — The novelty of Mr. Bean's invention consists 
in a combination of compressed and rarefied air to open 
and close the gas.cocks, and an eleflro- galvanic current, 
I affording at the same instant a spaik to light the gas 
' flowing through the gas jet, so that a single operator can, 
without leaving his office, at wilt light or extinguish all 
the street-lights of a city or town. 

Archives des Scitaces Physiques et Naturttltt, 
June 15, 1875- 
Physic O' Chemical Forces and their Interpretation 
in the Produftion of Natural Phenomena.— A review 
of M. Becquerel's recently published work on this subjefl. 
The first chapter, we are lold, treats of general physics, 
and gives many curious fads and relations ; inter alia, the 
author describes his researches On phosphorescence, and 
on photographic reproduflion of colours of the solar 
speflnim. But the mtercst of the hook centres in the 
chapters on eleflro-capillary anions; the principle of 
which is that " when two liquids containing, in. solution, 
different substances capable of readting chemically on 
each other, are separated by a membrane permitting them 
to mix together very slowly, there i« produced through its 
walls, a continuout eledric current which may cause 
particular chemical cffe^E. If the resulting compounds 
are insoluble, they become attached to one of the surfaces 
of the membrane; in the contrary case, they are dis- 
tributed throughout the Bolutions, where they concur in 
new operations." The fundamental experiment is putting 
a cracked tube containing nitrate of copper solution into 
a vessel containing a solution of su;,:..uiet of sodium. 
The interior of the crack becomes coated with metallic 
copper, and if the two solutions be then conne^ed, 
respeaivcly, with the eleflrodes of a galvanometer, an 
eledlric cuirent is observed, to which the nitrate furnishes 
positive, and the sulphuret negative, eleflricity. M. 
Becquerel has succeeded in producing, hy his method, 
several bodies of a composition and crystalline form 
identical with those of certain natural minerals {mala- 
chite, i!-^.); and one can see that eleflro-capillaty currents 
must play an important part in formation of crystals in 
the fissures of rocks. He also studies the elcdro-capillaiy 
currents occurring in processes of animal and plant lifs. 
Further, comparing the eleflro-motive forces produced by 
action ol water on acid and basic solutions, and during 
the reaaion of several salts on each other, he shows that 
the results are fully in accordance with those of thermo- 
chemistry; and that, in particular, water plays, in double 
decompositions, a predominating rule, as M. Berthelot's 
researches have already demonstrated. M. Becquerel 
proves, in fafl, thai the eledtro-motive force resulting from 
reaflion of two neutral solutions is always equal to the 
algebraic sum of the cleftto-motive force resulting from 
the distinA aflion of each of the solutions on the water 
of the other- He has thus found that the elearo-motive 
force produced during hydralation of acids and bases, 
diminishes in proportion as the degree of hydratation 
ncreases ; as is the case also with the heat developed 
during formation of hydrates. Where an acid solution 
.s made to afl on an alkaline, the ekaro-motive forces 
the sum of the eleSro-motive forces resulting from &rma. 
lion of the corresponding hydrates, and the diteS aflion 
af the anbydrousacid on the anhydrous base. "En ummt, 
the total elearo-motive force developed in a chemical 
traniformaiion depends only on tha initial and UN final 
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state of the system of reading bodies ; a result conform- 
able to the principle of calorific equivalence of chemical 
transformations." The last chapters of the book are 
devoted to terrestrial physics and meteorology ; the author 
giving some valuable conclusions on the controverted 
topics of volcanic phenomena, and the origin of atmo- 
spheric ele<5lricity. He also studies the distribution of 
temperature and of eleAricity in the interior of plants. 

A<5tion of Magnets on Rarefied Gases Contained 
in Capillary Tubes, and Illuminated by an Induced 
Current. — M. Chautard. — (From Comptes Rendus). 

Dingler^s Polytechnisches yournaly 
July I. 

Some Remarks on the Combination of Duplex 
Telegraphy, with the Sending of two Messages 
Simultaneously in the Same Direction. — Professor 
Zetzsche. — See page 41. 

Ele(f\ric Photometer of Dr. Werner Siemens. — 
This was described by Dr. Siemens at a meeting of the 
Vereinfiir Gewerbefleiss^ in June. Reserved for separate 
notice. 



COMMERCIAL NOTES. 



The traffic receipts of the Direct Spanish Telegraph 
Company (Limited) for the month of July amounted to 
;^i834, ags^inst ;f 1349 for the corresponding period of last 
year. The average time occupied in the transmission of 
telegrams between Madrid and England, vid Santander, 
during July, was three hours and nine minutes (including 
transmission over Spanish land lines). 

The Eastern Extension, Australasia, and China Tele- 
graph Company (Limited), announce that their traffic 
receipts for the month of July amounted to ;f 20,225, and 
;;f 19,641 for the corresponding period of 1874. 

The Eastern Telegraph Company's traffic receipts for 
the month of July amounted to ;f 3 1,4191 and to ;f 27,247 
in the corresponding period of 1874. 

The traffic receipts of the Brazilian Submarine Tele- 
graph Company (Limited) for the month of July amounted 
to ;f 10,230, as against ;f 8037 for the corresponding period 
of 1874. 

The traffic receipts of the West India and Panama 
Telegraph Company (Limited) amounted in May to 
;f45oo, as compared with ;f 2678 in the corresponding 
period of 1874. 

An extraordinary general meeting of the shareholders of 
Hooper's Telegraph Works (Limited) was held on the 
4th inst. at the Cannon Street Hotel, Mr. J. Dunlop 
(chairman of the company) in the chair. The meeting, 
was one of form. On the motion of the chairman, 
seconded by Mr. Seymour Grenfell, the following resolu- 
tion, passed at the meeting of July 20, was confirmed : — 
•* That the regulations of the company be altered by 
striking out the words in the 37th clause oi the articles of 
association of the company beginning at the word * pro- 
vided,* and ending with the words * paid up.' " The 
words omitted from the above clause cancelled the 
restridlion that the total amount of money to be borrowed 
should never exceed one-third of the capital oi the 
company for the time being adlually paid up. 

The ordinary general meeting of the Globe Telegraph 
and Trust Company (Limited) was held on the 30th ult. 
at the City Terminus Hotel, Mr. J. Pender, M.P., 
presiding. The report stated that the net revenue of the 
company for the year, after deducting expenses, amounted 
to £156,539, which, with the balance brought forward, 
made a total of £158,154. From this the diredlors had 
deduded £2625 in respedt of the expenses of formation 
of the company and special expenses of the proposed new 
issue oi sbarca; £108,508 had been distributed in interim 



dividends ; and the diredlors now recommended the pay- 
ment of a final dividend for the year of 3s. per share 00 
the preference shares, and of 2s. 6d. per share on the 
ordinary shares, making a total dividend for the year of 
6 per cent upon the preference and 5 per cent, upon the 
ordinary shares, leaving a balance to be carried forward 
of £9327. Since the date of the last report 25,437 shares 
of the Brazilian Submarine Telegraph Company (Limited) 
had been exchanged for the same number of ordinary 
shares of the Globe Company. In pursuance of the 
resolutions of the shareholders at the extraordinuy 
general meeting held on the nth of May last, the Board 
issued a prospedus inviting tenders of stocks and shares 
of other telegraph companies in exchange for the shares 
of the Globe Company, but the applications did not 
warrant the directors in making an allotment. This was 
attributed to the extraordinary depression in trade 
throughout the world, which had naturally afleded the 
shares of submarine telegraph companies. The chairman 
said that the Globe had maintained its position, and he 
believed that with good trade the companies whose 
shares they held would have better dividends, and of 
course they would participate in the increase. The 
report was adopted after some discussion, and the retiring 
direaors, Mr. Cyrus W. Field, Mr. W. Ford, and Sir D. 
Gooch, M.P., and the retiring auditors, Messrs. W. 
Newmarch and J. G. Griffiths, were re-ele^ed. 
. The India-rubber, Gutta- percha, and Telegraph Works 
Company (Limited) have received news by telegraph of 
the successful laying and completion of their cable 
between Callao and Islay, in Peru. This sedion, ahoot 
460 miles in length, is the first of a series of cables, with 
stations at Arica and Iquique in Peru, and Caldera in 
Chili, which will place those ports, as well as Lima and 
Valparaiso, in telegraphic communication with Earope, 
first, by the Transandine wires and the Brazilian cable 
system, and ultimately by the Isthmus of Panama, whea 
a cable shall have been laid thence to Callao. 

The report of the Cuba Submarine Telegraph Company 
states that the net profits for the half-year ended the 
3oih June, were ;f 11,302. Of this sum, ^3155 has beet 
placed to reserve, raising it to ;£'5ooo, and the balance, 
after providing for the preference dividend, admits of a 
payment at the rate of 6 per cent on the ordinaT>' shares, 
leaving ;f 852 to be carried forward. 

The traffic receipts of the Anglo-American Telegraph 
Company for the 28th July amounted to 1^1730; for the 
29th, to ;f 1600; for the 30th, to ;fi49o; lor the 31st, to 
£1330 ; for the ist August, to £350 ; for the and, to £760; 
for the 3rd, to ;f 1340; for the 4th, to ;f 1340; for the 5ih, 
to ;f 1450; for the 6th, to £1470; for the 7th, to £1370; 
for the 8th, to ;£'400 ; for the 9th, to £iorjo ; for the loth, 
to ;£ 1320. The actual daily average for the month of 
August last year was £i6y()> 

The traffic receipts of the Great Northern Telegraph 
Company for the month of July this year were 414,3811; 
last year, 410,355 f. Total traffic receipts, ist January tn 
31st July, this year, 2,409,858 f. ; last year, 2,4186,736 L 

The register of new companies for the past week coi- 
tains the following: — W. T. Henley and Company, 
Limited, capital £500,000, in shares of ;fio and £1 each. 
The objed of this company is to purchase the goodiril 
of the well-known telegraph engineers and contnJBaasi 
business of Mr. W. T. Henley. The subscribers, 1^ 
take one share each, are— Francis Moon, 73, Coleani 
Street; W. Wallis, St. Martin's Road, Stockwell; CK. 
Dyer, Lloyds; J. B. Byers, Priory Cottage, Peckhaa; 
J. R. Forster, 11, Abchurch Lane; T. Barker, rf^ 
Alexander Road, St. John's Wood ; and J. W. Robots 
I, Selhurst Park Terrace, South Norwood. 

The Master of the Rolls recently decided that thi 
dividend on the first preference shares of the West Iii£i 
and Panama Telegraph Company is cumslatiit.. 
According to Mr. Abbott's circular, the anKNUit d 
interest accumulated on these preference shares b ffL 
per share. 
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TELEGRAPH SHARE LIST, 



Amount 

per 

Share. 

Stock 
10 
10 
10 
xo 
xo 
zo 

xo 

• • 

xo 
xo 
xo 
xo 
xo 

as 

xo 

xo 

xo 

8 

Stock 

x 

xo 

xo 

20 

xooodls. 

xoo 

zo 

50 

Cert. 

zoo 



Name of Company. 



Anglo-American 

Black Sea 

Brazilian Submarine 

Cuba 

Ditto, zo per cent Preference 
Direft Spanish .. .. 

Ditto, 10 per cent Preference 
Direft United States Cable . . . . 
Eastern 

Ditto, 6 per cent Debenture . . . . 

Ditto, Exten. Australia and China 
German Union Telegraph and Trust 
Globe Telegraph and Trust .. .. 

Ditto, 6 per cent Preference . . . . 

Great Northern 

Indo-European 

Mediterranean Extension 

Ditto, 8 per cent Preference . . . . 

Panama and South Pacific 

Reuter's 

Submarine 

Ditto. Scrip 

West India and Panama 

Ditto, 10 per ceu; Preference 

Western and Brazilian 

Western Un. U.S. 7 percent istM.B. 

Ditto, 6 per cent 

Hooper's Telegraph Works . . . . 
India-Rubber and Gutta-Percha . . 

Submarine Cables Trust 

Telegraph Construdtion 

Ditto, 7 per cent Bonds 

PATENTS. 



Amount 

paid 

up. 

~£~~ 
100 

All 
All 
All 
All 

9 

All 
All 
All 

t 9 

All 
All 
All 
All 
All 
All 
All 
All 

'A 

100 

All 
All 
All 
All 
All 
All 
All 
All 
100 
All 
All 



Closing 
Quota- 
tions. 



93-zoi 
195—205 
li— 2 

24-3 
10— xo* 

13J-13} 
106—108 

904-914 
8i-8j 
19—20 
96-99 

22}— 23i 

loi — 104 



APPLICATIONS FOR LETTERS PATENT. 

2633. Francis Robert Lucas, of 38, Old Broad Street, 
London, for an invention of " Improvements in submarine 
cables.*' — Dated July 24, 1875. 

2657. William Clark, patent agent, of 53, Chancery 
Lane, Middlesex, for an invention of '* Improvements in 
circoit closers for eledlric railway signalling apparatus.** — 
A communication to him from abroad by David Rousseau, 
of New York, U.S.A. (Complete Specification.) — Dated 
July 27, 1875. 

2707. William Marston Warden, John Muirhead, and 
Josiah Latimer Clark, all of 29, Regent Street, Westmin- 
ster, for an invention of ** Improvements in galvanic bat- 
teries.** — Dated July 30, 1875. 

2729. Charles Edgar Wetton, of Field House, Harrow, 
Middlesex, for an invention of ** Improvements in mag- 
netic appliances." — Dated August 3, 1875. 

2767. Edward Griffith Brewer, of Chancery Lane, Lon- f 
don, for an invention of*' Improvements in the production 
of elcdtric light, and in apparatus therefor." — A commu- 
nication to him from abroad by Stephan Alexandrovitch 
Kosloff, of St. Petersburg, Russia. — Dated August 5, 1875. 
2771. Sir Charles Wheatstone, Knight, of Park Cres- 
cent, Regent's Park, Middlesex, for an invention of '* Im- 
provements in the mode of and apparatus for applying 
eledlricity to give telegraphic signals and work telegraphic 
relays.'* — Dated August 5, 1875. 

GRANTS OF PROVISIONAL PROTECTION FOR 

SIX MONTHS. 
25x8. To Sir Samuel Canning, Knight, civil engineer, of 
Great Winchester Street Buildings, London, and Henry 
Francis Joel, engineer, of Lavender Grove, Dalston, Mid- 
dlesex, for the invention of *' Improvements in pneumatic 
signalling or communicating apparatus, and in the mode 
of and apparatus for testing the transmitting tubes for the 
same, applicable also to the testing of gas and other pipes 
or tubes.** 

2564. To Theopliile Adolphe Hequet, engineer, of 
Pans [France], for the invention of "Improvements in 
ele^ro-magnets.** 

2633. To Francis Robert Luc^is, of 38, Old Broad Street, 
Ixmdon, for the invention of ** Improvements in submarine I 
cables.'' i 



PATENTS WHICH HAVE BECOME VOID. 

2213. William Ford Stanley, of 5, Great Turnstile, 
Holbor*, Middlesex, for an invention of *' Improvements 
in eledlrical apparatus." — Dated July 25, 1872. 

2240. Charles Ernesto Spagnoletti, telegraph engineer, 
of Paddington, Middlesex, for an invention of *' Improve- 
ments in tell-tale indicating and registering arrangements 
and mechanism." — Dated July 27, 1872. 

2260. Charles Fairholme, of 15, George Street, Hanover 
Square, Middlesex, for an invention of ** Improvements in 
the means of effeding eledrical communication in railway 
trains, and apparatus therefor." — Dated July 29, 1872. 

LETTERS PATENT FOR INVENTIONS WHICH 

HAVE BECOME VOID, 
By reason of the Non-payment of the additional 
Stamp Duty of £100, before the Expiration 
OF the Seventh Year from the Date of such 
Patents. 
2369. Samuel Manley Martin, of Pinner, Middlesex, 
and Samuel Alfred Varley, of 66, Roman Road, Holloway, 
Middlesex, telegraph engineers, for an invention of *' Im- 
provements in train intercommunication, parts of which 
invention are applicable to eledlro-magnetic and eledlric 
telegraph apparatus. — Dated July 28, 1868. 

PATENTS GRANTED IN BRITISH COLONIES 

AND DEPENDENCIES, 

Canada. 

4454. Hugh Neilson, of Toronto, Ont., for *• Gravity 
Battery.*' — 5 years. Dated March 3, 1875. 

4537. Louis Schwendler, of Calcutta, India, for •* Duplex 
telegraphy.*' — 5 years. Dated March 23, 1875. — Claim : 
ist, the double-balance method of duplex telegraphy. 
2nd, the ratios and the magnitudes of the resistances to 
be employed in the double-balance method. 3rd, the me- 
thod of simultaneous adjustment by means of a regulator, 
and the apparatus designated *' regulator." 4th, the method 
of adjustment by means of an indicator, and the apparatus 
designated ** indicator." 5th, the method of automatic 
adjustment by means of an operator, and the apparatus 
designated " operator.*' 6th, the method of adjusting in 
the battery branch, and the special apparatus for effecting 
it. 7th, the constant resistance-key, with spring and 
double battery. 8th, the use of any cable in connexion 
with the d branch of the arrangement. 9th, the applica- 
tion of a shunt for the receiving instrument in the b 
branch, and the use of such a receiving instrument in the 
b branch. 

PATENTS GRANTED IN FOREIGN STATES. 

Belgium. 

37,383. R. K. Boyle, for *' Improvements in eledro- 
magnetic telegraphs with indudtion-currents, and in the 
apparatus for producing those currents." — Dated July 2, 
1875. 

4608. Thomas E. Edison, of Newark, N.J., U.S., for 
*'A quadruplex telegraph." — 5 years. Dated April 10, 
1875. — Claim : ist, the combination in telegraphic circuits 
of keys that produce a rise or fall of the electrical tension 
keys, that change the polarity of the current connedled 
with the line, receiving magnets operated by rise and fall 
of electrical tension, and polarised magnets that operate 
by change of polarity of the eledtrical current. 2nd, the 
combination with eledlro-magnets, operated by rise and 
fall of electrical tension of relay circuits, batteries, and 
eleCtro-magnetic receiving-instruments or sounders. 3rd, 
the combination with a polarised relay magnet operated 
in the telegraphic circuit by change of polarity of the 
current of relay circuits, batteries, and receiving eledro- 
magnets or sounders. 4th, a telegraph arranged to operate 
by rise and fall of tension and change of polarity of the 
electrical currents, the use of condensers, rheostats, or 
induCtion-coils to neutralise the static charges and dis- 
charges. 5th, the arrangement of circuit connection to 
relay quadruplex or duplex telegraphic messages. 6th, 
the arrangements of the telegraphic instruments and cir- 
cuits for duplex and quadruplex transmission. 
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46i6. Charles Clamond, of Paris, I-'rance, for " Improve- 
ments on thermo-eleiaric piles."— 5 years. Dated April 10, 
1875.— Ctom ; ist, sealing or fitting negative pStes of 
thermocleiiiric piles. Ind, casting bars of thermo-elearic 
piles in moulds previously heated almost 10 the point of 
fusion of the thermo-elcflric material from which they are 
to be made. 3rct, heating ihetmo-eleflric piles by gas, es- 
peciall y those piles or generators in wh ch bars are built 
up and arranged between two ring plates united by bolted 
crosS'bars. 4lh, the construflion and employment of cir. 
cular ihermo-eleitric genenlora or piles. 

ABSTRACTS OF SPECIFICATIONS. 
Improvcmtnts in lUctric lignalUng apparnlus. Benjamin 
Pryor Stockman, civil engineer, 3, Poets' Corner, West- 
minster. January 22, 1875.— No. 255. This Specitication 
describes a construflion of ■■ commutating key " for sending 
two or more currents through the line each time the key is 
depressed, and also a receiving instrument in which a loop 
or single line of gold, platinum, or other nijn.magnctic 
meial is used. 

Improvcmciils in etietric n/'J'arnlus. Frank Wirth, of 
the mm of Wirth and Co., pattnt agency, Frankfort-on- 
tiie-Main, Germany. (A communication from Josef Leiler, 
manufadlurer, Vienna, Austria.) January i6, 1873.— No. 
2g6. All batteries hitherto eonstrufled, especially those 
which have to be transported, have the disadvantage that 
when they were charged they could not be hermetically 
closed, and that when the elements had to be lifted out 
a complicate mechanism was necessary. If such batteries 
were to be transported fur some distance the several parts 
of them and the acid had to be packed in separate vessel; 
Elements that remain filled during the time when Ihcy ar 
not employed consume mcials and acids uselessly, and ar 
readily spoiled. All these disadvantages are avoided with 
my apparatus. 

ImfrovcmiHli in eU,lrk liUgraph apparatus for trnia- 
lignalling and morliiiig Ihi: Iraffii on railways iifoii Iht 
block or spaci s^sUin, purls oj -.vliieh apparatus are appU- 
cabll to and for other purposes. Richard Robert Harper, 
cleflric telegraph cnEineer, ii>, Salisbury Street, Adelphi, 
W.C. January 28. 1875.— No. 3j6. Fitting or applying 
a guard with a screen plate in front of the exterior of the 
case, so as to prevent both plungers, keys, or tappers being 
moved or operated upon at the same time. Also .arranging 
the combination of a permanent magnet with the two poles 
or terminals beneath or in a different plane to the poles or 
terminals of an eleflro- magnet, of which one is on each 
side and above the permanent magnet, and so placing a 
compound armature and needle mounted on the same 
ipindle between them that the current, on tra\T;r3ing the 
eleflro-magnet, magnetises the compound and curved 
armature, which is altradled by the one pole, and the other 
pole repels the other end of the same armature, « hilst the 
pole of the eleflro-magnet which is repelling the said 
armature is at the same time att rafting the needle, and 
the reverse pole of the el eflro- magnet at the same lime 
repels it. Also in a novel arrangement of key and appa- 
ratus, whereby the instrument is kept free from the dis- 
turbing effcfts of lightning, earth -currents, lioc-contafls, 
and such like disturbing causes, by a peculiar arrangement 
of spring con taft- pieces and insulation. And to the bell, 
{^g, or relay, (here is applied two springs, which are 
aded upon and brought in metallic contact as described. 
By this arrangement any error is prevented if the receiver 
by any accident uses both the sending and receiving por- 
tions of the apparatus at the same time. Also an arrange- 
ment of interlocking gear for preventing the signals for 
working iraihc between branch lines and the main line (or 
SIM virsii), or. on single lines of railway, 10 prevent two 
trains being taken or admitted on 10 one seftion of the line 
at the same time. This is elfe<Aed by the use of a double- 
ended lever-arm or "yoke " fitted on the bottom of the 
CMC conneflcd to the battery or earth as between two or 
more instruments, so as to insure the signals being conso- 
nam and hannotdoaa, and in no case conllifl'mg or con- 



flory. Tliis "yoke " is alternately afted upon by one 
or other of the plungers, tappers, or keys, and cannot be 
afled upon by both of them at the same time. The bu- 
lery and battery-cells for working such instruments art 
made by forming the plates of silver, with vertical cociu- 
gations, to give them atruflural stability, to prevent their 
buckling or bulging out, and prevent their coming in coo- 
tafl with the zinc plates. The cells are formed with 
small pockets on each side at the bottom, for receivinj; 
a limited quantity of mercury and the ends of the liac 
plates dipped thereinto. 

Un(ted States. 
Duplex Telegraphs. —M. Gaily. Rocheslet, N.Y.. Feb. 
ruary 9,1875. — i. The combination, with the mainline, 
of a branch containing both the receiving instrument and 
a magnetic key or switch for connefling main line with 
battery, or for breaking its direiS connexion with grouiiil, 
substantially as specified 
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being open while the other is closed, and tia 
versa.— J. The combination, with the main line, of tob- 
line (V and switch/, for cutting out the main battery wben 
not in use for transmitting, subBlantially as ipccified.— 4. 
A receiving magnet, provided with ordinary eledro-mi(- 
net or magnets, and an additional magnet or magneu, 
all aifling upon the same armature -lever for equalising iti 
stroke under diflerent conditionsof currents, subslandillT 
as specified.— J. A compound eleflro-magnet, conuilisf 
of a number of cores and helices, a part of vrhich are 
stationary, the armature being adjusted to them by ineaiii 
of a spring, the others being in themselves adjustable, to 
lOved to or from the arm.iture. substantially as iped- 



ficd.— 6. An armal 
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illy as BpeciScd. — 7. Tbe 
combination, with the main line passing through oae m 
mure of the magnets of the receiver of the compentitisj 
circuit passing through the same magnet or mBgaels,aid 
ilso through another magnet or magnets not tStSti if 
Lhe main hne current, but all ailing upon the same it«ii- 
ture lever, siibstanlially as specified. — S. The combioitiga, 
with a main line and its battery, of one or more cirnil<, 
each having a seftion of union with the main line, aid 
an independent battery maintaining intai^ its owi dr- 
cuil current, the magnetic or neutral condition of eack 
seftion of union changing with any change of tbe dbic- 
tion of the main current, substantially at specified.— f, 
The method of reducing the resistance of a wire orhtlii 
to a given current, by passing through it, in wbcdcffii 
part, the current of another circuit or circuit*. 

Eleelric Mo/ors.— Charles J. B.Gaume. Williamsbwjb. 
N.Y., May I, :S75.— Tbe frame or box armature E.iude 
with four, more or less, plain or concaved sides, bi*ii( 
half-round or square enlargements formed npou ibta 
outer or inner surfaces, substantially as herein shovml 
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Since the day when Eled^ricity was first disco- 
vered, until now, its vast importance and its 
high destinies have grown upon the human 
mind. Fresh phases of its power, fresh results, 
new means of obtaining and governing its 
a(5lion, and multiplied ends to which it may be 
turned, have constantly discovered them- 
selves ; till to-day it stands out as one of the 
grandest subje«5ls presented to the scientific and 
practical world for investigation and research. 
Perhaps, however, no other Science or Art 
has exhibited so extraordinary a concurrence 
of anomalies. It is at once the most ter- 
rible monster and the most humble and 
obedient servant , its acflion is at one moment 
beneficial, at the next destructive ; its range is 
boundless, yet it may be ** cabined, cribbed, 
confined " at ease ; it is everywhere present, 
while its nature is only imperfe(5lly understood ; 
and, to crown all, although it is one of the most im- 
portant agents in the adlion and the phenomena 
of the universe, and increasing knowledge of 
its applicability to the needs of our race is of 
the utmost importance, no diredl means of as- 
certaining the thoughts and discoveries of its 
students, or of bringing them before the scien- 
tific and mechanical community, at present 
exist. Attempts have been made to supply 
this want, and journals have been started 
with the professed obje«5l in view of making 
public all that is known or can be learnt 
of Eledlricity in all its branches. But they 
have degenerated into unscientific records of 
unimportant events, and the purpose for which 
they were established has been lost sight of. 
Thus it comes that — while Engineering, Che- 
mistry, and other Applied Sciences have all 
their representative recognised organs — the 
Eledlrician finds himself without any current 
journal from which he can learn the events 
which are daily occurring of peculiar interest 
to himself. 



Such a want has now been supplied by the 
establishment of the Electrical News and 
Telegraphic Reporter. In its columns will be 
found the most valuable opinions of eminent 
Ele(5lricians and scientific men all overthe world. 
Articles will be contributed which will be of value 
not only to those who study Eledlricity as amateur 
experimentalists or scientific inquirers, but also 
to those whose daily life is bound up with the 
advancement of practical knowledge in all de- 
partments of the science, and who as elec- 
tricians, telegraphists, eledlrotypers, eledro- 
platers, and chemists have continually to deal 
with the same marvellous agent of force in 
different ways. Nor will the doings of foreign 
societies be ignored as in times gone by, bot, 
in the shape of carefully prepared abstiadU, 
their proceedings will be presented to our readers. 
Every opportunity will be given for the health- 
ful discussion of the science in all its branches, 
and a fair unbiassed course will be steered io 
all questions of dispute. 

This, then, is our Programme in brief. More 
we could promise, but prefer to let the new 
periodical speak for itself. The subjeift with 
which it will deal is of too great importance to 
need one word of recommendation. Daily ex- 
perience teaches us that we are as yet on die 
threshold only of a vast expanse of eledbial 
knowledge. This has to be explored, and as 
the research gains in strength and intelligence 
the results will be far beyond all present con- 
ception. The feat of girdling the earth in 
forty minutes will be eclipsed by great deeds 
yet to be done, and if the establishment of 
the Electrical News and TBLEGRAPfiic 
Reporter conduces to the hastening of this 
desirable end our objedt will have been gainei 
and we shall be fully rewarded. 

Boy Court, Ludgate Hill, London, B.C. 
ytily ist, 1875. 
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(GAS), 



For Mufflea, Cruciblw, LallcB, *Dd all 
parpoMi Kqaired in a Chemical Labonlor)', 
working witb ceruinty at any definite tem- 
peiature lequjred, up to or 

EKCHEDINO THE 
PUaiNQ-POINT OP CAST-IRON, 

without blast or alteotion. It may be used 
on a alttine-room table, and will bat 
4 or 3 OH- ofcaat-iroD in thirty-five minutei, 
nie crucible and ita contents being viiible 
Uie whole time. 
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iHdliL-KaUier, Outta-Percha, and other kindt of Inaulated Wire, rcqutlits ia fittiBg-«^) Ete&ric Bctte far ii 

and other purpoict. 
Telegraph Cablea for SubMaiine, Sabterranean Aeiial Telegrapbi, Mines and Ovbbwj I 

Navid Mid EagiDeering purpoeee. 



Bbonlte, Tlwaa Qatu-Pcrcha, Pari 



WORKS-MANSFIELD STREET, SOUTttWARK, SX 
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Insulated electri cal wires. 
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DeUrmination of Loss 9f InsuUUan. 



H 



THE ElECTRICAL NEWS. 



Vol. I. No. 8. 



A NEW METHOD FOB THE PETERMINATION 

OF A LOSS OF INSULATION IN SUBMARINE 

CABLES.' 



Thk aiBtho^ hitheita employed are not very precise, ei' 
pttdally wkea — the cable not being biokco — the lou ii 
■uch u to (till allow commmuiuGatioa* between extreme 
•tatioM. Ptdaiiiatioq produced at the fault vitiatu also 
the laaalu obtained, and it ia not pouiblo to keep iato 
■cfonnt the ioAiieace of natural currenti circulating ioto 
tka G«Ue. Tbote wbo bave bad to dweimine a fauU of 
this Batore know all thcM dificultiet. 

The method bcrawitb introduced ii a combination oS 
that puUiahed by the author, " On the Determination of 
Voltaic Conatanu " (lee youmal TiUgrafhiaue of Berne, 

te\az>/ 15, 187J), and of the proceeding! indicated t^ 
m«r Clark in hia paper >< On a Voltaic Standard of 
BUdrMBDiiva Force" (ttt FrocudiHgi 0/ tktRoyai SiKi§ty, 
vol. ax., p. 444, iSti). The influence al polariaation at 
tb* ^olt ia edtiiely avoided, at wetl u that due to the 



■ and 1' twtteriea foiintd, uch of them, with a 
ttandard cell of Latimer Clark'i, and therefota equal. 

t and «' halteriM alio formed with elemenu ofLatimer 
Clark'i type. 

E and E' batteries of any kind, .hut having a toto 
el eiSro motive force superior to that of e and «'. 

Batteries E and E' are the only one* producing 

Finally, mit and m'n' represent the natural eledro- 
motive forces which may develop themselves in and a& 
on the cable. — 

The batteries being ananged as shown by the abovo 
diagram,— viz., in such a way tljat cuirenia Jc^viag t ani 
t' add themselves in the cable, and are opposed to the 
corresponding currents starling from B aqd E' and from 
I and t', — we bave, according to KircbfaoS^f law, ^e fol- 
lowing relations, naming i the intensities and r the itiiat- 
anccB corresponding to each part of tbe'ciicuit :-^ 

>j+'j=<4 ■ »i'-a+'4''«=« 

ig+'io+iii-is fyn+iaTgrn^, 

In order that do polarisation shoiild take place in C, tfae 
current there should be ni/, and— ' '-tt.,.;-*? 

i6»0, 

where from— 

'j-'7- 





itittme* of oatnral currents. The distance to the fault 
la •btaioed without making any comparison to previous 
tMti, and there is no supposition to make as regards the 
tamperataic of the cable, and tber.efore its condu^ibiljty, 
Wtuc time of the experiments. This method is like^-ise 
■odependeu fiom variations which rnay take place in 
fha clM&iona^ve force or resistance of the batteries cm- 

b taVafoie aeeus to combine all conditions of accuracy, 
dv fwrw'i"!! tbose that can be obtained by 9ther me- 
Ao4« iiutha tffn* caae, wbi^ ii, however, pne of the 
MOtt ^Mealt, 

W0 aW ant cxpUin this method theoretically, then 
mm <hril.wtninr the mean* to bfi employed for i^i prac- 
iStwi TFrB'^tiCT It iscuECcientfor the presenile observe 
lltm ^f«iumt| KP fnadc wnult«neoutlv at Jbpth ends 

A 9)» the c^le u4 C the it<flt. 

X. k. M MMtA If'. A^ b ue resiatun 



theEBfoK be m«4e equal, which is alFMily ^ <a|pj ^ {f 
we iDtEoduce in A aad k' two <esiat<mcea cwveniently 
iBleded, modiiyiDg at tlw same tlqp f and ^ af (9 
bring to zero the needles of galvanometera G an4 O', pf 
aballbavB— 

Moreaver,_w 



reaivtMces, ^ god }^' bejng va- 

■ ' or even not gr^uatiiOt 

allow taking at wilj a de- 

, . , p-,., ^ ,. rwistance, or i^ dof^lle ; 

M and i, two ihde reatstance-boxesi grvdHftted in t^e t/jpf 



& ,», « w>4 ^', hU we reaivtM 
«aUe Mi4 »rburanly graduatedj o 
«|ll ; k and k' arran^ M as to al 



Qgapj <yg' »» ?^My««'#yiy*°°°»*»f^ ; _ 



brtheAuthoi, 



e the values of retijdiucet Jg 
loing away at tije «a|ne time 
with the tSe£t of variability in their el.e^omotive jforcei, 
by modifying K and K' so af to brinf fU.so X° fVO ttM 
qa^^dle^ pf^vj^ometersf and^. Wei^X!t|>u^^ 

SothMtHtteftecefcigwMtMiBf h p snmp, ■ 
I'l-L— '»p^— «"'u— I 



To obtain equal i _ 

r4 - rsi— tbst ia to aay, wc motbKnkmil, aa it U evident 

FroBi the eboTB •qaatieae wa obtain 3 



n±*±f . 



'^' 
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After hav[ng leilised these conditions, the same opera- 
tion is repeated by reducing the circulating current to 
half its value. It is sufficient in that case to double h, 
and to vary the resisUncea a and 6 until the galvaQo- 
meteri return to zero. Then we have again — 



From these four relatioi 



arj = Rj and 2rj =• Rj, 
We have, on the other hand,— 









.?■ 




A and B being the new values of 
Therefore— 

x=h-2a and y 


esis 
= B 


-3b. 



If it has been operated so as to make the experiments 
in quicic succession, thus avoiding the variations which 
mi^i arise in the natural elcdromotivc forces n, »', and/, 
the result obtained will be altogether independent of the 
afiing batlericB, of potariastion at the fault and of the 
presence of natural currents. 

Let J express the length of the cable, and if the distance 
to the fault on side A C ; we have evidently— 

d x' 
whetefrom we find for the required distance— 
._ t(A~2a) 

A + B-2(a+6)* 

PtMlUal Ofiralion, 

Tbe series of manipulation described above may appear 
at liftt tirestAne and difficult, but it is not so, especially 
if the distance to the fault is already known approxi- 
mately, and if we make t = e', as in that case we may 
deteriidne very closely the values to give to resistances 
a and b in both sticcessive experiments, and then we shall 
easily and quickly bring to zero the needles of both gal- 
vanometers G arid G'. 

At each end of tbe cable there should be an eleflriciin 
and his assistant. The latter will manipulate resistance K 
by sliding it gently either right or left until the needle of 
^vanometer^ 



resistance a, after having t 
iiity previously determined ; he 
at zero the needle of galv 



The eleflrician a da oi 
for h a convenient qu: 
thus tries to maintain 

To proceed with experiments, when everything has been 
previously concerted, when h is determined and g at zero, 
lend both currents ; then galvanometers G and G' deviate, 
and resistances a and b have to be gently altered until the 
two galvanometers return to zero. 

Suppose that the electrician placed In G be in charge of 
tbe whole operation, — as long as his galvanometer stlndt 
at zero he knows that G' is also at zero, and therefore 
that resistance b remains unaltered. 

This done, he alters k in iA, which moves the needles 
in both galvanometers, and serves as a sign^ for G', who 
also altera h' into sk', and on each side gsdvanometets are 
brougitt to zero in the same way as before. 

After these experiments, the numhcn found on the 
rheostats at the nearest time of Ihe alteration of h in ak 
are exchanged between both eiedricians. 

These operations can be repeated several times in order 
to obtain means. 

If it is desired to find the resistance of the fault, it will 
be easy to find it oul from the distance, by one of the 
methods hitlmta known. 
ComlutiBoplt, l(>y s. i^. 



HISTORY OF MAGNETO.INDUCTION MACHINES 

WITH UNINTERRUPTED CURRENT OF 

INVARIABLE DIRECTION." 

These machines are finding a continually wider applica- 
tion for various industrial and scientiGc purposes, and 
Srove highly advantageous and convenient as a substitute 
ir galvanic batteries. A sketch, therefore, of the history 
of their development wtll not be without interest. 

Those indu^ion machines, in which a copper body is 
made to turn between eleflro- magnetic poles, and atgo 
the so-called unipolar indudion apparatus, in which 
either one pole of an eleAro- magnet turns constantly 
about a fixed conduaor, or the half magnet, tumiog 
about its own axis, itself forms a part of the conduOoc, 
may be fitly here left out of account, for they icive too 
weak a current (though an uninterrupted one), and wotiU 
only be made for scientific experimenL 

More powerful currents of unvarying diredion and as 
unvarying strength as possible, it has been sought to 
obtain, by so connefiing two or several ordinary magoeto- 
indu^ion machines, that the times of greatest cntml 
strength of one, produced by tbe one magnet, coincided 
with the least current strength of the other. Thiswii 
very well accomplished in a machine which Siemens mi 
Halske, of Berlin, sent to (he London Exhibition in i8ji. 
In this machine, a round iron disc, ot plaft, supported by 
a ball and socket joint, turns about this joint, in that 
peculiar manner in which an ordinary plate whirled on 
Its edge moves shortly before it finally falls; and it does 
so on magnet poles arranged in circuit. The circuit plane 
lies somewhat lower than the ball and socket, and the 
polar surfaces are cut according to a pretty obtuse conical 
surface, as the under surface oir the plate also foims the 
mantle of such a cone. Vertically to the upper side of 
Ihe plate, in its middle over the ball and socket, standi a 
metallic arm, which, therefore, as Ihe plate moves, 
describes a conical surface ; its upper end catches an am 
fitted on the axis of a commutator, and so puts this axis 
in rotation. The rolling plate thus produces in propa 
order, the closing and opening of contads, by which tbe 

ent of a galvanic battery is always sent throngfa the 

half of the ele^ro- magnets in the circuit, and ihu 
always through those elcdro-magnets which lie between 
the then place of contad of the plate with the cladnr- 
magnets, and the highest position of the plaie (in 
dir^ion of motion). By the elearo-magnets tbe plate i> 
Itself magnetically induced ; but at the same time also, it 
is maintained in its progressive motion through the 
attrafiion of it by the elefiro- magnets. Now each 
eleftro-magnet baa a second coil ; so that an indui3kio 
current must occur in this, at each appearance and dis- 
appearance of the current in the first coil. These second 
coils of all Ihe eteiflro-magnets are conneAed into awholc 
returning on itself; and at the conneiSing line of two 
neighbouring coils the wire is brought loopwise to tbe 
commutator. Although the indufiion curtenta produced 
in all tbe elefiro-magnets round which the galvanic 
current flows are due to produSion of magnetiam, and 
the indudion currents in the elearo-magneti untravened 
by the current are due to disappeanncc of tnagnetiiB 
and opposite in direction to the former, they are yrt, by 
means of the commutator, led away as an uniBter nip ttd 
current of unvarying direAion to the comnum coomdiu 
wires. This arrangement and commutation has nnci 
similarity to Pacinotti's (to be noticed presently), and a 
both there is the peculiar partition of the circuit intotve 
branches. These machines of Siemens and Halake wwi 
designed to furnish, with few elements, an eiearic cmtot 
of high potential, which could be employed in woridnf of 
long telegraph lines. Thus the machine waa uKoia 
direfl telegraphy from Leipsic to Vienna through UbdcIl 
During the London Exhibition, too, the machiftews* Hed 
in working of telegraphs and other ^paratot; hat j 
• AbUnfl or recmt paper 1)7 frotZcUscbe. 
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s has again adopted ii 



neither was its arrangement 
machine further improved. 
however, Dr. Werner Siemen 
dynamo- el edric machine. 

A* the first ma^eto-induSion machine with unin- 
terrupted current of unvarying dircfiion and strength after 
that just noticed, we must regard the one congiruaed by 
ProEi Antonio Pacinotti for the physical technological 
cabinet of the University of Pisa. A description and 
drawing of this machine were published on March 3, 1865, 
in Nhovo Cinunto (being the June number for iS&f.) ; we 
m^e from it the following extrafls : — 

" If, as shown in Fig. i, a ring of soft iron, a b c d, be 




soldered together where they meet ; if, then, the poles of 
a galvanic battery be cannedled to two (uncovered) points 
of the wire, a and b, diitant as far as possible from each 
other, the eteftric current will go in tM>o branches from 
one of these points to the other, and, in virtue of the 
direction of current in the two branches, the iron ring will 
be 10 magnetised that its poles are situated where the 
current wires come to It, via., at k and c. Hence the 
Mraight line passing through these two poles will be 
the magnetic axis. By changing the place oF junflion of 
the battery wires, we may give the pole* any position 
acroie through the iron ring of the eleAro-magnet, and 
therefore Pacinotti names the latter a ' transversal eleflro- 
- magnet ' Ulrltro calatnila Iranivenate). The two halves 
of the elearo-magnet lyiag one on either side of the 
■traiebt line AC (in Pacinotti's machine a diameter), 
may be considered as two bent elefiio- magnets, with like 
poles applied to each other. 

*' To consirua bom this transversal eleAro-magnet the 
elearo-magnetic machine, shown in Fig. 3 and 3 in 



^^'^ 




c:=^ 



i,L!_-T-J-J 



whole system was divided into sixteen well insulated 
bobbins rr; each bobbin bad nine layers, and all the 
bobbins were wound in the same direiSion. Each wire 
going from one bobbin to its neighbour, was fixed loop- 
wise to the piece of wood between two bobbins, and 
passed through suitable holes in a wooden disc fixed 
on the axis u m, down the axis to a commutator d, also 
fitted on the axis. In the ouler surface of the wooden 
disc of this commutator were inserted, in two cows, and 






>posite each other, eight pieces of brass, which pTOjeded 
little beyond the wood, but were separated from each 
her by the piece of wood between ; each of these was 
soldered to one of those loops. Thus, when the two 
metallic rollers k k', which were in conta^ with the pieces 
of brass, were connedted with the two poles of a battery, 
the current was condufted from the brass pieces in contad 
with the rollers, in two branches, through the entire 
system of coils; the magnetic poles in the iron ring 




deration and plan, PaclnoilLhad the toothed Iran wheel 
reprraented In Fig. 4, and having sixteen equal teeth, 
fixed by inoaiu of fbor brass arm* a, 00 an axis M M, and 
would nnad with silk-coveied copper wire, so that 
.bjr tho teeth ud the attached wooden prisma n, the 



appeared at n and a,* were attraded and repelled by the 
poles A and b of a fixed eledro-magnet, and the trans- 
versal eleSro-magnet began to go round on its axis, its 
poles, however, still retaining the position n s. The posi- 
tion of the arms of the ele^ro-magnet a b could be 
regulated by the screw o. By means of the binding 
screws h k' II', (he same current could be sent round as 
and through the bobbins r r. 

•' Pacinotti found it useful to furnish the poles of the 
fixed, elefiro-magnet with shoes, a a A and n s a (omitted 
in Fig. 3), extending round the transversal eleftro-magnet 
more than jrd of its circumference, and joined to each 
other by brass connexions. 

" By means of the cord-pulley Q (Fig. a) he tried to 
determine the power of his machine By raising a weight, 
and found an expenditure of 33 to 3O m.grms. zinc for 
about I mic. work done. He hopes a more carefully 
construSed machine will give better work, and notes the 
advantages of his machine over previous ones. 

" Pacmotti now shows that this elearo-magnetic 
machine changes into a magnilo-iltctric machine with 
uninttrruptfd cutttnt, if the elearo-magnct A B be replaced 
by a permanent magnet, and the transversal eleflro- 
magnet be put in rotation, and remarks that In the 
moved transversal eledro^magnet, through induXion, the 
poles H and h {Fig. 5) at the end points of a diametcjr. 



>^is* 



Electric Photometer. 



wmld occur oppothe the polei of the Gved magnet, th« 
tlie« polei fnntt tlwtya have an nnvaiying ponthm, 
even when [he trtnavetaal eleSro-magnet n tarati, and 
that thererore one migbt conceive that the coil* move 
round over [he circular magnet while this is at reit. In 
the motion of a bobhin from north pole n to lonth pole s, 
the induced current will have the tame dircaion till the 
bobbin it at the middle a between n and s ; between a 
and a the diredion of current will be reverEed, and will 
) the middle b 




between s and n, and in paiiing &om b towards n 
rtaume its former diredion. The currentB furnished hy 
the different bobbint will tho* be added (o each other, 
and may be most conveniently colleded and led away at 
a and b ; the cnrrent colleaor must thus be allied to 
the commutator at right angles to the magnetic axis oi 
the eleAro-magnet ; applied in the axis itself, or 
other hand, it could not receive any current. The 
diredion of current will be changed with changes of 
aitedion of rotation. 

(To be coDUaud}. 



AN ELECTRIG PHOTOMETER. 

Whoever (tayi Dr. Werner SieniEOi, in a paper recently 
read to the Verein fur GewerbfleissJ has gone thoroughly 
into the aubject 'of Photometry, will have come to the 
convidion [h8[ it it itill at b very low s[3ge of develop- 
men[. I[ hat iot yfe[ been once fixed what, exadly, wc 
have (o measure. Every solid body, we know, raised to 
high temperatures, BmitlHght and heat-rays in all direc- 
tion!. According to (he neW theory i( is e[her waves, of 
all possible wave-lengtha, which go out from the hot body. 
A portion of these waves exci(es in our retina, when it 
Itnkes ll, the sensation of light. If short and long ether 
ivavet are iaaproportion to each Other, liliethat in which 
the lun or other very bf^ly heated body emits them, we 
call the sensation of tight we receive from them " white 
lig^t." When, however, only light waves of a certain 
wave-length are admitted to our eye, our sensation ol light 
U altered, and we name the light red, yellow, blue, violet, 
according to the wave-length of the ravs admitted. The 
prism, it is known, is a means by which the rays of a 
white bundle of light may be separated according to the 
wave-length. Since the impresiions of the red, yellow, 
bias li^ht are quitt different on ub, it if evidently quite 
impotsibls to compare together the intensities of such 
different sensations. The photometers hitherto made, 
however, are all on the prmciple of so regulating the 
adion of the two light-sources to be compared, on an illu- 
minated objed, that the latter eeems to our eye illuminated 
to an equal degree by the two sourcea. This method is 
best carried out by Bunsen's photometer, which i« based 
on the fad that an oil- spot on a piece of white paper is no 
longer visible, when it is illuminated on both sides equally, 
■troogty with white light. This is pretty accurate so long 
M both light sources send out white light, or at least light 
of the tame colonr. If the colours are different the tpot 
does not disappear, and there it no means of comparison. 
There la, of courts, still another criterion of light- 
•trenitli, and It h preperlT the only corred ooe. We 
nijalro light br the perceptloii of obfafti, and that lig^ I 



, IB for M the best or brightest which cubic* m mott Ht- 
tindly to sec the ot^cda. Doe mi^ h ei e^oo canfttid 

I a photometer quite independMit of cdoar, bf wo wp- 
lating, in any wa.y ('.£., by dimintshing the U^t-teccitiB| 
surface of a lens), the ttrengtb of the two Itcbt souncs, 

I that [he same objed might be equally distiodly perceived 

; with both. It woaM appear, however, that the eyes <f 
different men are unequally receptive for diStieBt^ ee- 
loured light, and are also woe fatigued, to that this otfaci- 
wise rational method of light neaanremeiit, «Im>, caaaot 
yield constant results. 

I have endeavoured to ntllise eteaiicity (thtf bm 
which so often helps as when other forcca fail), io nes- 
surement of light. 

It is known that selenium — a aabttance atandiug ee 
the boundary of the metals and metalloids, and pos- 
sessing many remarkable physical ptopertiea — has twB 
properties, which vrauld seem to render it peculiariy toil- 
able for the objed in view. When seleniam that hubcca 
quickly cooled — amorphous selenium — is heated to a ictt- 
perature of 80* to 100*, the mats becomca ciysttBioc^ 
under development of heat, and a condudor of eledlicity, 
whereas io the amorphous state it is an insulator- No>, 
this crystalline selenium has the remarkable propcny-' 
discovered and described by the Engliah Lieut. Sale-of 
conduding eleSricity better when it it illuminated tbsa 
when it is in darkness. Sale further found that the ia- 
c rease of the condudivity increases with the strength of 
the illumination, so that — in remarkable agreement with 
the retina of the eye — it is most stroD^yinAuencedby thoie 
parts of the spednim which moet eBinft the eye. 

These remarkable properties I son^t to tnm to accoMt 
in photometry. The initial difEcolttea — conusting partly 
in the small condudivily of ciystalline aeleaDani, its ia- 
constancy, and the very wreak and variable aAitai rf ttt 
light, partly in the disturbing mflnence of hent-n^s— 1 
sacceeded m removing. Inasmuch as, by long heatiafl s( 
amorphous seleniam nearly to its mclting-pointi at ^ 
crystallising out from the slowly cooled midten laaa^ I 
prepared a modification of the cryttalliaed idaaiBS^ 
Which condnda much better, it much more inflnencad ^ 
light, is not essentially affeded by heat-raya, and rctste 
its properties pretty constant. Il is capeciaHy aMalk 
that Its condasi^if decriaut on heating, aa in the casa 
of metals, whereas in the other the coadadtivi^ nstnatB, 
at in the case of condndine metalloids and UeOiulftis. 
By filling up the interval of two small flat qnral* of iriM 
with suchcoarsely crystalline selenium between t wo Ica<ct 
of mica, 1 have succeeded io producing a photomettic ap- 
paratus which — wi[h a Danletl's cell or a amaB tbuBt 
eledne eledromotor — gives suEBciently etrtwg cBTtenti 
for one to be able to compare, by meataremeat of thta, 
even very weak intensities of light with sufficient ex- 
adness. 

The apparatus which I show you here is anch an ele&rk 
pho(ometer. A[ the bottom of a small tube, which can be 
rotated, is some of the selenium preparation as described. 
The ends of the two spiral wires are conocded with each 
other through a Daniell cell and the wire of a galvaoo- 
meter. The needle is thus deflcded. If I remove the 
cover of the lube, and admit the light of a gas-flame, 
whose strength I would measure, [o the selenium disc, the 
condudiviw of the disc increases proportionally to the 
strength of the light ; so the deflcdion of the needle be- 
comes greater. If I now tarn the tnbe so that it is 
direded to a normal candle, instead of to the flame (o ba 
measured, and regtilate the distance of thia normal candle 
so that the deflcdion of the needle beconaea and lemaiii 
the same when the seleniam is alternately illuminated liy 
the flame to be measured and the normal candle, the light 
adion is the tame from both, and the light strengths an 
accordingly in inveiae proportion to thor dittaaca &<■ 
the selenium plate. ^ . _ 

This instrument can be made, inth h^ nujat M a^ 
Uli^ deaired, and I bcye thft a waauuli] 
appamMi may b« devilopat froai Jb It i 
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VtbRATIONS OF UIRROR INSTRUMENTS. 



Ms. Graves recently called the 
Society of Telegraph Bngineert to the vibrations of the 
licl tlirowD by the micror inatnunenti in use on the 
Atluitic cablei. In the discussion which followed the 
Tvading of Mr. Graves's paper, Mr. Preece attributed these 
vibration) to the polarisation of Che earth-plates, whence 
procMded opposite and weak cuneats sufficient to cause 
the DBcdle to osclllaie in very small arcs. 

The aams ohenomenon was observed Uit December, 
on the Alders cable, and a scries of experi- 
Atiluted by M. Wunschcndorff, who states 
that the alternation of poaitive and neaalivs currents 
'■ MMms to exclude the possibility of earth-plalct becoming 
* BoiariKil in a sensible manner. Besides, the vibrations 
(of an Intcnaittent charafier) were observed at Marseilles 
for the first time *ince the cable was laid, twelve years 
ago; they often appeared when no current had been sent 
into the cable fbi one or two hours, and persisted during 
s> variable time. 

Experiment* were made at the Prado cable-house. An 
naderground line cased in iron wires, and about 5 kilo- 
metres longi led from the cable to the MarseillES tele- 
graph station; and "earth" for the transmitting and 
receiving iostniments was made through the iron pro- 
tcdiog shaath'of this underground line. At the Prado 
cabl^Jhonse the Barcelona cable likewise emerged, and 
WM continued to Marseilles by an underground line in 
juxtaposition to the one Just referred to. 

On the 6th lanuary last H. Wunschendorff inserted i> 
the Algiers cable circuit a mirror- receiver at Prado. The 
underground line at Marseilles wa« successively pat into 
diroA commonication with various " earths " : — 

(i). The "earth "of the Barcelona cable; being throngh 
theabeathof its underground line soldered to the sheath 
Af the cable Ueelf, and through the town gas pipes. 

(a). The sheath of the (Algiers cable) underground nut 
fon Uarseilles to Prado. 

(3I. Tbe ordinary earth at the Marseilles office. 

{4}. A strand composed of three new iron wires [4 m.m. 
diameter) immerted in a well close to the oEGce. 

(5). The sheath of the Algiers cable. After each 
obacrvation the receiving mirror was replaced by a veiy 
■eneitive etatic mirror galvanometer, whose 
were considerably amplified. 

The results obtained are tabulated as below: 



- - , 1'h« galvaaometer's coeeeieat tor L«claB(M wiammx 

many experimenu being gj megohms, and the resistance of the M^ttn 

•afflcieni basis for | cable 5500 ohms, the eleAromotive force givingadefleAion 

of 40 divisions (with Shunt 1/99) corresponds to about 

one-third of a Daiiicll element. 

Experiments made on the following days JMve 
analogous results. The galvanometer Indicated, in every 
case, the existence of a current whose strength was 
sometimes constant, sometimes variable ; and the vibra- 
tions were infallibly produced when " earth " was through 
the iron strand, or ihrough the ordinary plate of the 
Marseilles office. The vibrations of the luminous ipot 
can therefore only be attributed to the variations of tbil 
current conjointly with the elasticity of the mitror'a 
suspending thread. 

The current itself may be attributed to two principal 
causes ;— (i). Diffirt»ci of pottntial betmttn llu two 
pdinh of Iht larth ahtri thi eartk-flaUi an buritd, and 
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whence result the so-called terrestrial c 
present stste of eleArical science, conJc«&ures can only be 
thrown out as to the primary causes ef these terrestrial 
currents : even tbe laws of their variatbns ate unknown 
to us. (a). Difftrtnct of chtmicat actimi of Iht soil upon 
Iht tarth-ilaUs. It was proposed to use platinised 
metallic sheets (as carth-nlales) to eHminate the tSt&t 
probably due to this second cause, but the chief inspeflor 
'laving decided to permanently solder the sheath of the 
inderground line to that of the Algiers cable, and the 
■'"" — """ disappearing, further experiments were dis- 



inued. 



EXPLANATION OF MR. I. SCHWENDLBRH 

DOUBLE BALANCE METHOD OF DUPLEX 

TELEGRAPHY. 

Br W. 9. JOHNSTON, CefaXM. 
peftn.) 



TktKtyE 

14. It Dew beconee bccMsafy te tHtniiie the put 
played In the arrangament by the Mtistance s*. "Tht 
rmmtdiatt bclanc* eonditton " Is, ai nentieaed before, «x< 
pressed by (he equation— 

bnt the resistance/ tt in eircnit ttnly to toDg ai ConttSs 
of the key exists. On depressing the key — ■'.(., on nnddng 
contaS 4 and breaking contadt 3 — the resistance / tl te- 
placed bj' the resistance s* and the signalling Dattery; 
the battery of coarse ha* its internal rerittance B, whKh 
may be eqsal to, or less, bnt must never be greater than/; 
if equal, no resistance i* teqniied In v, for the altered po- 
sition of the key pet* In circuit tbe battery resistance In 
place of/, bat if the battery resistance he lett then / 
tben la nnieh leaiitancc must be unplugged in w aa to 

BI + B=./, 

and this Is the " key equation " that nnw alwaye be 
rigidly fulfilled, for on it clearly depead* the ful&losenl of 
" thi tmmtiiatt Maul condittom." 

15. In the ordinary signalUng keys, betiMea the branUef 
of contaA 3 and the making of contaA 4, there is an in- 
terval of time during which neither oT these coMaas 
exists, and the line become* insulated, but in duplex 
working thi* interval of insulation mult ohvioody be 
avoided, for were one station to send a signal to the other 
duriw this interval it would be pattly lost, owing ta the 
line being to earth by one branch only, the other hupg 
iaenlated. A key of peculiar construAion, a "ceaiMM 
r*sitlmiet Juy " (Fig. 3), avoids this. ContaA 3 cannot "ba 
broken before «ae«aA 4 Is made, «M cMeeqnently the Um 
CM MiH boGtm i&snlfttnd. K it trM t)M Mew two 
ooaMto nau Hd« togMher IM B ihert Ma*, aai Ifeat Ha 
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resistance from the key to earth is then neither / nor 
W+B, but— 

/or^?^. 
2 2 

but this time is so exceedingly short that its existence 
causes no disturbance whatsoever in the received signals, 
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and may be altogether negledled so long as the signalling 
speed does not exceed a certain limit. 

Condensers, 

16. The condensers are composed of sheets of tin-foil 
insulated from one another by sheets of paper soaked in 
paraffin. On receiving a charge of eledricity these sheets 
of tin-foil ad indudively on one another, and a large 
amount of eledricity is accumulated. One end of the 
Qondensers is conne&ed to earth, the other end being 
connedted to the resistance-box d^ and consequently, on 
depressing the signalling kev, that portion of the current 
passing through d charges the condensers ; the charge in- 
creases so long as the key is depressed, and when released 
this charge escapes to earth through h and g, 

17. All telegraph lines ad as condensers, and when sig- 
nalling on long and highly-insulated lines, after each signal 
sent, a discharge (return beat) from the line that passes 
through the receiving instrument is received. In single 
telegraphy this discharge is carried dired to earth by means 
of a •* discharging relay ^' the tongue of which makes a 
momentary contad with the earth between the making and 
breaking of the two key contads. This phenomenon of 
discharge is best explained as follows : — On depressing the 
key andputting the copper pole of the battery to line, the 
potential of the line is raised above that of the earth, and 
on releasing the key a discharge occurs from the line to 
restore equilibrium, or to place the line and the earth at 
the same potential again. 

z8. Now as the line and the condensers are connedted 
to the opposite ends of the coils of the receiving instru- 
ment, the charges and discharges from them flow in con- 
trary diredions through ^, and the flow of these 
transient currents in opposite diredions will be equal so 

long as they stand in the fixed proportion ■^. 

h 
xg. The capacity of a line is a variable quantity de- 
pending on the insulation of the line— the higher its insu- 
lation the greater its capacity; so changes of weather 
necessitate a change in the capacity of the condensers, 
And by means of a commutator attached to each duplex 
Instrument the necessary changes can easily be effeded. 

. .. BxUmal Duplex Indicator. 

^fl^ ao. It will be easily understood that when balancing for 
^- '^ptmdmi^Uwrunt;'^ and for " charge and discharge f iht 



relays will cease to close the local circuit when these cos- 
ditions have only been approximately arrived at, and that 
to obtain absolute balance a far more sensitive guide is 
required ; for this purpose Mr. Schwendler has constmded 
an ''External Duplex Indicator,'* composed of a small 
magnet finely pivoted, and the position of its pointer with 
resped to zero shows the attainment of balance. This 
little instrument is placed above the relay in the moit 
sensiiive position. 

Actual Duplex Working. 

21. Suppose both stations to have balance for ** perma- 
nent current^'' and also for '* charge and discharge** the 
line to have no appreciable leakage, and the same pde of 
the battery to be conneded to earth at either station, then 
— so long as the keys are not depressed simultsneouslf— 
the signals are produced as in ordinary telegraphy, with 
the exception that the receiving instrument ot the sending 
station is always in circuit, but remains entirely unaflicded 
by the sent current of that station, the distant relay only 
being worked. 

22. When both stations depress their keys simoHs- 
neously, the line being supposed to have no appredafale 
leakage, part of the current from Station I. arrives at 
point I, and part of the current from Station II. arrxvaat 
point 2, and these currents — being equal and opposite— 
neutralise each other, and no current goes 0ut to line from 
either station, — i.e., the current from Station I. works the 
relay of Station I., and the current from Station II. works 
the relay of Station II., or, in other words, as each staUoo 
wants to work the distant relayat the same moment, this re 
suit is equally obtained by each station working its own relay. 

23. When, however, the line has appreciable leakage, 
and the resultant fault is nearer to one station than to the 
other, the currents arriving at points x and 2 (the ken 
being depressed simultaneously) are not equal, and the 
difference between (hem flows out into the line in a cer- 
tain diredion, — say, for instance, towards Station I., when 
the relay of Station I. is worked by the current of that 
station plus the current in the line, and the relay at 
Station II. is worked by the current of that station miiini 
the current in the line. 

24. When the line has no appreciable leakage the siii|^ 
and the duplex signals are obviously made by equal car- 
rents, and the same is the case when the line has appre- 
ciable leakage, on account of balance being always rigidly 
fulfilled at both stations, — i.e., that though for difioest 
conditions of the line the currents are not the same, yet 
for each particular condition of the line the single and the 
duplex signals are invariably equal and regular. 

25. So long as L — the measured condudion resistsnce 
of the line — does not alter, the most perfed working will 
be experienced, but L is by no means a constant quantity, 

I and though in this ** Double-Balance Method " the varia- 
tions in it have the least possible efled on the received 
signals, yet these variations, if exceeding a certain limit, 
will cause the received signals either to stick or to £aiL 

26. With each duplex arrangement a board with the 
following diredions on it is issued : — ''Beats lost inereau ft." 
*' Beats stick decrease 6.^' When the received signals are 
lost, a decrease in the condudion resistance (L) of the line 
has occurred, that causes the sent current to oppose the 
line current, the condition a(2=6(L+p) is no longer ful- 
filled, for the current passing through b is greater than 
the current passing through a, and the difference between 
the two currents passes through g in the opposite diredioo 
to the line current, and causes a loss of signals, and it 
becomes necessary to increase the resistance in 6 till the 
condition ad=b (L+p) is again fulfilled, when perfed 
signals will be again received. When the received signals 
stick, an increase in L has occurred that causes the sent 
current to help the line current, the current passing 
through a is greater than the current passing through ft, 
and the diflerence between the two currents passes through 
g in the same diredion as the line current, and causes tie 
received signals to stick, and it becomes nece^saiy to d^ 
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. crease b till the condition ad^b (L+p) is again fulfilled, 
when perfedl signals will be again received. 

27. The adjustment in the b branch is not made by the 
comparatively slow method of withdrawing or inserting 
plugs, but by means of a contad sliding over equal incre- 
ments of resistance fixed in a circular box. Moving the 
slide in one diredion increases 6, and moving^ it in the 
contrary diredion decreases b, and this adjustment is quite 
as simple as turning the micrometer screw of an ordinary 
polarised relay. 

Batteries, 

28. For duplex working about four times the battery 
power employed for sinde working is required, for the 
current — from Station I. tor instance — first divides at the 
point X, and subsequently divides again at the point 2. 
The key equation — 

w + B=/ 

should be controlled once or twice a week by accurately 
measuring the internal resistance of the battery, and then 
unplugging in W that amount of resistance necessary to 
fulfil the key equation. The cells should be very carefully 
prepared, the same amount of sawdust by weight should 
be placed in each one, the rims of the iars should be 
paraffined, and the battery stands should be carefully in- 
sulated from the ground. 

Control of the Duplex Instrument, 

29. Tests of the several resistances for constancy, and 
of the condensers for insulation and capacity, should be 
made and recorded periodically. 

Routine of Work, 

30. On commencing the day's work, and after both sta- 
tions have obtained bsJance for ** permanent and transient 
current,'' by means of their duplex indicators. Station I., 
for instance, signals to Station II. the word ** balance ; " 
Station II. then sends attacks, and Station I. adjusts its 
relay, b^ means of the micrometer screw for ordinary 
single signals, and then sends attacks to Station II. to 
enable it also to adjust relay for single signals. When 
this is done, adjustment by means of the micrometer 
•crews ceases entirely, and both stations send attacks 
simultaneously, and increase or decrease — as may be found 
necessary — the resistance in the b branch, till perfed 
duplex signals are received. During the transmission of 
messages any adjustment that becomes necessary on 
account of variations in the line is confined solely to the 
b branch. Corrections and repetitions are obtained as 
follows : — The receiving signaller, on finishing a message, 
marks with a cross or underlines the words that he wants 
repeated, and places the message by the side of the 
sending signaller, who, after finishing what may be in 
course of transmission, calls for the required repetitions. 
In like manner the receiving signaller, who must have the 
sent messages near him, marks with a cross those words 
repetition of which is called for, and hands the message 
to the sending signaller, who gives the repetitions ; con- 
sequently there is no interruption to traffic — messages and 
calls for repetition follow one another continuously. 

Abbreviaticns to be used when calling for Corrections ^ 

Repetitions, &»c. 
Full Ssmtbncbs. Abbreviations. 

L. BQ repeat Class In B Q H ■§ §■ ^ _ Class 

Number „ „ No. 

No. of words „ n W. 

Date „ „ Date. 

Time „ „ Time. 

Sution To „ „ Stn. To. 

Station From „ „ Stn. P. 

Name To „ „ To. 

Name From „ „ F. 

Address To „ „ Address 

word after „ „ waEmer- 

Emergency V^^^' 

word after ink- „ „ wa J. B. C, C. Q. 
bottle, tooth- (these letters re- 

pick, cork- present the oam- 

screw bers of words). 

All i^er tipster ^ After tipsters 

Prom allegory tUegoiy to bo- 

te betaay 



Figures, 

Instead of repeating back figures, as is the rule at pre- 
sent, they are to be sent over again after the end oi the 
message. 
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THE TELEGRAPHIC CONFERENCE 
AT ST. PETERSBURG. 



The Paris correspondent of the Timest writing on the i6th 
inst., gives an outline of the principal discussions at the 
recent International Telegraphic Conference. 

One of the first questions raised was that of Sunday 
labour. Mr. H. C. Fischer, of the English Post Office 
Telegraphs, claimed the right of a limited day service on 
Sundays for those offices which have a complete day 
service. This, he said, was necessary on account of the 
suspension of nearly all labour on Sundays. 

On the proposal of M. Vincent (Belgium), who objeded 
to exceptions in favour of particular States, it was agreed 
that any country may limit the hours of Sunday service, 
notifying this measure to the International Bureau, which 
will apprise the other States. 

The questipn of responsibility for the correal transmis- 
sion and delivery of messages was brought up by the 
French delegates, who proposed that, as to messages on 
which an extra sum is paid for insurance, there should be 
some fixed limit of responsibility. To this it was objedled 
that words difficult to transmit or copy might be used on 
purpose to set up a claim to compensation, and the Com- 
mittee to which the proposal was referred reported by five 
to three against it. 

M. Ailhaud (France) urged on its behalf that registered 
letters had never produced lawsuits or inconvenience, but 
he was ^willing to exclude cypher messages and to limit 
compensation to cases where the telegram had manifestly 
not fulfilled its objed. As to the fad that in France 
scarcely two messages in 10,000 are collationne, either the 
number of collated despatches would not increase, and the 
responsibility proposed would be very slight, or it would 
augment, thus showing, that a public want had been satis- 
fied. American private companies, he mentioned, since 
1861 have adopted this plan, the maximum compensation 
being 100 times the cost of the message. 

Herr Stephan (Germany) took the same view, thinking 
it unfair that the Government, when guilty of miscarriage, 
should be shielded from responsibility. The principle of 
compensation would operate as a fine on the operator and 
induce greater care. Inquiry, moreover, would always 
show whether the sender had been guilty of bad faith, or 
whether injury had been sustained. 

On the other hand, Signor D'Amico (Italy) urged that 
the telegraph was more liable to error than the Post Office, 
that faulty operators were already punished, that the best 
operators, owing to the nervousness consequent on their 
employment, oftenest committed mistakes, and that the 
system should first be tried in France or some other 
country. 

Herr Stephan, in reply, said nervous operators ought to 
be dismissed. 

M. Faber (Denmark), contended that the compensation 
should be divided among all the States sharing in the 
payment made for the telegram, but it was explained that 
the extra payment would be shared among all the States 
concerned, while the compensation would fall on the one 
guilty of the irregularity. 

M. Nielson (Norway) suggested that the indenuiity 
should be limited to five tim«>s the cost of the message. 

Eventually it was agreed ihat a special committee of 
seven members should consider the question. This com- 
mittee, by five to three, agreed that the sender of a regis- 
tered message should be entitled to the return of nis 
money and a fixed sum of 50 francs, the latter, however, 
not applying to irregoUritics caused by force maieun or 
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unavoidable ciicumstancet ; that such messages shoald 
be collated throughout ; that tbef should be written in (he 
language of the country whence despatched or in French, 
cypher messages, or those addressed to several recipients, 
being excluded : that the charge should be treble (he ordi- 
naiy charge, divisible among the countries concerned in 
the transmission, and that compensation, if awarded by 
the office where the message originated, should be paid by 
the officers guilty of (he irreguJarity. The Conference 
adopted these regulations by 13 to G. 

M. Fabei meotioned that in Denmark compensation is 
allowed both Tor inland and foreign meuages, but very few 

There were repeated discuiBJons on the admiision of 
u^ent telegrams at special rates. This was proposed by 
Itdy and Holland, Signor D'Amico stating that in Italy 
the charge was quintupled, and that 4 per cent of tha 
inessages were urgent ; but Hcrr Brunner (Austria) urged 
that all international messages were urgent, and that the 
system would cause less attention to be paid to messages 
at ordinary rates. 

H. Vincent stated that between Bmsseli and Vienna 
the average time of (ransmiision was two hours, that 
priority was important in some cases, and (hat from 1853 
to 1858 urgent messages were accepted by France, Bel- 
gium, Spain, Sardinia, and Switierland. It was explained 
that Government messages would have precedence over 
argent messages. 

Mr. Alan Chambre (England) said he wm instruAed 
not to accept urgency, and Mr. Fischer said English 
messages were always forwarded in the order of arrival, 
■pecialwtres being used for Stock Exchange messages. 

Colonel Hammer (Swiderland) objeded to the proposal 
as inconsistent with the principle of equality. 

M. Vincent, in supporting it, stated that in Belgium 
the extra charge was only i f., yet the proportion of 
urgent messages was only i per cent. A m^nber had 
humorously suggested that a sender sbonld be able to 
claim reduced rates for his telegrams being sent after 

Herr Stephan suggested that any administration should 
have the option of refusing urgent messages wherever 
there were not several wires. On a division, nine voted 
for the ptopoial and eight against it, while the English 
and Swiss delegates were neutral pending fresh instruc- 
tions. They subsequently stated that their OovenmentB 
objefied to the proposal. Herr Stephan contended that a 
Diatonic scniiment of equality should not preclude really 
important messages afTeiAin^ matter* of life and deaU) 
from having priority over trivial ones. 

Mr. Fischer stuted that urgent messages passing 
through England would not have priority, but would be 
despatched in the order of arrival like ordinary ones. 

M. Vincent thereupon proposed that (he scheme should 
not be binding on England. 

M. Despecher said the cable companies between England 
and the Continent had no objeftion to receiving urgent 
despatches in fnuMifir, and believed that Parliament 
might decide the question in a different sense from the 
Government. M. Vincent's proposal was adopted by 15 
to 3. Another question discussed was the rate for press 
messages. The English, French, German, Belgian. 
Dutch, and Swiss delegates proposed that two or more 
administrations might agree on a special tariff for Press 
message* at night, or on letting a wire daring certain 

M. Vincent said this was necessary for giving the 
international service a power largely used by England 
and America in their inland service, and one recently 
applied in the relations between Paris and London. 

Mr. Chambre, being asked for information on this point, 
■fated that by virtue of an arrangement conclnded 
between England and France, the Press was allowtd the 
vae of Bpeei;u wires between Paris and London, At pre- 
bnt At Tinut alone took advantage of this piivllege, 
VtHag Mm $ p.m. ta 3 «.m. ft vtn if wUeh toMfM*{w< 






destined for publfcatMM iMt« ujm 

exclusively. 

Herr Stephan remarked on (he financial 

urilising the wires during the night, when th^ 
ctherwise be unprodufiive. It might be atipolated Itit 
Press messages should yield precedence to othen. After 
?«me conversation as to wnether any resolatlon «si 
necessary to legalise such con trafis with the Pnst,(be 
^bjefl was adjourned till a subsequent sitting, \rtiea tht 
Committee proposed that wires might be 1*1 to tbe Piesi 
at night at a reduced ratewithom prejudice to the geatnl 
service. Herr Stephan alluded to (he favoarsUe residn 
of the system as regarded Paris and London, reraailin| 
that it was necessary to confine i( to the Press, atberwitc 
persons might abuse it by hiring a wire and sendaf 
messages delivered to them fay the public. Onlr tk 
Austrian delegates on the Committee had voted apiisi 
this restriaion. 

Hen Brunner inggested thai the Picaa wanM net md 
Mors matter, bat would simply pay less lot it, and ItM 
ihera was a possibility of Its becoming an ag^t^ k 
private msssages. . 

M, Vincent replied that these fcara were ill fiiiiaiM 
The Timii not only had day nesaaces, b>l ncnr neant 
by wire letters formeriy forwarded b^ paat. fm^ 
persons were not likely to send measage* to tbe Press U 
be forwarded at night, and such an ainiie woold be 
guarded against in the agreement. 

M. DucD(e (France) explained the mode of traaaniSHM 
of the Times messages, and testified to the loyalty trid 
vhich the Timii observed the agreement. 

Mr. Chambre remarked that the night messagci, fa 
from lessening the day mess^eil ol^ the Tiimts, U 
increased them. Tbe proposal of the Committee was tta 
carried by 15 to 4, on the understand! Dg luegestcd by Oc 
Italian delegate that private messages samil' ~ 
delayed in consequ 

London was chi 
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the place of th« CongicM if 

[87S by 14 votes, against two given for Beme, sM fei 
Berlin, and one for Constantinople. 

Mr. Chambre stated at a subaeqaenl sitting thai tt> 
British Government willingly agreed to this sdcdlA 
ind he assured the delegates that they woald be wdMric 
E^iests. The ist of January, 187C, wu fizej as ibt ttt 
at the operation of the new Convention. 



NOTES. 



We have already informed oui* reader* of the 
settlement of the distwte between the CblsMt OaH» 
ment and the Great Northern Telegrmph CoafiV 
(Electrical News, vol. I., p. 41). We luve nov* 
record the establishment of an Imperial Cab^ 4 
Torpedo Engineering, of iriiicfa Mr. J. A. JUttM, ILLU 
(who a£led as artnirator for the Chineae TliiininwM ^ 
Che settlement of the above-mentioiiBd dltpM^ h A) 
En^oeer-io-CIliif. Already there ftre atevt fei? 
students, and the course of instruAioa Include* tkewM*- 
fafinre of torpedoes, mooring and placing ifaeol k 
position, the use of the "Gringarca" in tuiptiwi W 
by observarion, lime light aignalltng, ftc Tlieniistol 
class for instrudion in praflieal triegr a phy, tetftfc 
At the Arsenal inside the dty tbe mechaaiCal fMR 
necessary for the completion of si ttock of totpcdMlM 
being manu&aured. 

Tbe praaice of hanging Butt tt tif tm. the tdv^t 
wires bas, ftccording to the NN »Utt OmUt, Mlf 



become general in that country, and revealed the hitherto 
nnkitown laA that the Armeniin peasantry are in th 
hebtt occaaionillj of washing their ciothes. Much di) 
auy haM, however, been canted by an order that has been 
iMned by the authorities forbidding the continuance of 
thn nrangement. It seems that the wires have on more 
AeeaMona than one been broken by awkward waaher- 
#atnen, and Shefket Effendi, who hat just been appointed 
direAof of the telegraph at Etieroum, has solemnly 
4eclam) that no more shirts, stockings, or other garments, 
Aall be bang mi the wire* on any pretence whatever. 

It ii, Mya the Examinrr, inspeaed that the Govem- 
'Aent roein to i& upon the Report of the Committee on 
Telegrapfai, and raise the rates for postal telegrams ht 
once. This thotdd be emphatically protetted against -. 
they ought at least to wait till Mr. Scndamore'i reply to 
tfie Committee has been published, and the subject has 
been fully discuued, and public opinion clearly expressed. 
In reply to Mr. Reed, Lord John Manners said he trusted 
tfcu Mr. Scud amore would favour bim with his obMrva- 
tionl npon the Report, but he was unable to <ay ai 
present whether the paper could be laid on the table of 
the House of Commons. That Mr. Scudamore'a viewi 
Ml the nbjedt difFer very widely from thoie of the Com 
ihittee there can be little doubt, and the expediency o: 
hie answer being published before either of the recom' 
meDdaiioni oF the Committee are adopted, cannot be 
G«Ued in question. 



ELECtMCAL SCIENCE IN FOREIGN 
JOURNALS. 



ri of Bltftrical Utmoin pnb- 



Cwmfttt Xtndut Hibiamcdairtt dnSianasdt I'Acadtmie 

dn Scinuti, Vol. Ixxxl., No. 3, Augoit >, 1875. 

Iflftgnets compoaed of Compreased Powders. — J. 

Smin. — De Haldat published, during 1836, in the 
imotm FAcadtmit of Stanislas, that he had put iron 
CMn Into a brass tube (closed by two screw plates)^ 
Ml3l he magnetised by the ordinary process, and that he 
Mceeeded in obtaining two contrary poles. The polarity 
tawty decreased when varying quantities of river sand 
VHa mised with the filings, whilst in every case it was 
tW7%e*k, and disappeared when the metal grains were 
Cltplaced In position by shaking the tube. I repeated 
nls experiment by firmly ramming down the iron filings 
tnto the tube, by means of a Small hydraulic press. I 
BotRld that when the tilings bcf^n to aggregate the polarity 
atotikiderably angmentt, and continues to increase with 
MOnre. I now lay before your Academy tome tubes, 
t to lo cm. long and 3 cm. in diametet, which attraA at 
■OTl M poweifblly M those made from broken pieces of 
pood ateel of the same dimensions. As the iron lilingt 
I lii rh I used were of unknown origin, I had some pre- 
Mfivd ondcr my own eyes, from good soft iron, perfe^y 
tda-cei, and withont appreciable coercive force : the re- 
mits wen not leasened. Thus, then, a metal which has 
M» ooasvlTt force when it it cotjre acquire* It in m nmsi- 
lOKHUa m dOfice at that of Meel when it bM been rodoMd 
a4 TOwpwtisd bf pretnre. It It not t« tUa IrapantMy 
l^iMvtlutWB a«H Mttlbma the ri n u ted poltfiw? 
■« a Umtk, AM) tU Mm «uat MMi «vUm Ac 
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force of steel t One cannot explain the distri- 
bution in a magnet without considering it as composed of 
rows of very small magnetic elements, of opposite poles, 
readling between themselves at a distance; and it is 
proved that the quantities or separate magnetism in each 
of them increase, by this reafiion, from the extremity to 
the middle line. Until now it seemed admissible that 
these elements are the molecules themselves ; but the 
preceding experiment appears lo show they are formed of 
either compafled iron fragments or small agglomerated 
crystals as in steel. When, before pressing the filings, 
materials which reader the mass more homogeneous are 
put with them, the Eame polarity can no longer be given 
to them as before the mixture. For example, if we make 
a paste of chloride of iron and filings, and press it, we 
obtain, after several days, a subchloride of iron of conti- 
nued appearance, which may be filed and polished like 
pure iroo, but which can scarcely be magnetised. Iron 
reduced by hydrogen and oxygen from scales behave like 
iron filing! ; but magnetic or diamagnetic bodies miked 
with the filings notably change its faculty of becoming 
magnelitcd. It it probable that, in very powerfully ram- 
ming home the powders, the coercive force would be 



id that it will alter- 

ate when the compadlness of the fragments 

ven a eufiicient continuity to the mass. The 

of these questions promises great interest; 

regret I have not had at my disposal sufficient appa- 

, nor a aui£ciently powerful press in my laboratory, to 

enable me to continue them, though I believe focitltiet 

ill shortly be placed at my disposal. 

Journal dt Pkyiijtu, Jaly, 1875. 

Employment of Sheets of Collodion In Phyalca. 

■M. Qripon. — The author points out, inftr alia, that few 
bodies are more easily eleflrified than collodion. With 
the least friflion by the hand the membrane adheres to the 
fingers. If a collodion sheet be fixed, like a flag, to « 
glass tube, and waved in dry and hot air, it it elefirified. 
Other uses of collodion sheets, here mentioned, are in ea- 

reriments on polarisation of light, on colours of thin 
ims, on diathermancy, on vibrations in acoustics. M. 
Gripon prepares these sheets by ditsolving I'J to 17 grms. 
gun-cotton in a mixture of jo grms. alcohol and 50 grms. 
ether. The collodion is poured on a glass plate after the 
latter has been breathed upon so as to receive a coating of 
moisture. When — after some hours — the collodion is diy, 
the plate is put in water, and a sheet of paper having been 
applied and attached to the collodion by the edges, the 
film is drawn off with the paper. 

Note on the AAion of Magnetiam on the Induc- 
tion-Spark. — M. Henri Becauerel. — When the elefiric 
current magnetising a strong elefiro-magnet ia interrupted 
between the poles of the latter, the ipark of tbe extra 
current produced is accompanied with a true detonation, 
and takes the form of a small flame projefied by the mag- 
netic aaion. M. Becquerel thinks the a^ion of magnetism 
la here simply a mechanical one. The same phenomena 
ire produced, if the elefiric circuit be broken, when a 
itrong blast c^ air is made to play on it ; the stronger the 
blast, the more intense it the sound. The eRefi in both 
cases would seem to be due to sudden rupture of the chain 
of molecules which transmits the eleflric current, of vety 
abort duration, constituting the indudion discharge. Th« 
duration of the discha^e being thus considerably dimi- 
iiished, the sound acquires remarkable intensity. 

On araphical Hethoda of Solving Certain Simple 
EleArical Problema. — Prof. Q. Carey Foster. — [From 
Philosophical iSagatint.) 

Note of Viettnm Academy'a Proccedinfa, laaladiaf 
Stefan on the Theorj ot Magnetic Peieas; Bolts- 
mum on Mcomiameiit of Oieladlric Conatanu of 
aaaMi 8t«fui m the Lam of Hacnetic «nd Bloc 
tiic Fmmi ia Ka«Mti* ud XMIil* MtdUt •*>* 
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their Conne<5lion with the Theory of Light. — In the 
last it is stated that if the forces produce a positive work 
the total energy of the medium diminishes, and con- 
versely. The eledtro- magnetic adion of a current element 
on a magnetic pole does not undergo change through a 
magnetic medium. The adtion at a distance of a pole on 
the current element is diminished by the presence of the 
medium. There is no energy developed in the medium by 
co-existence of a current element and a magnetic pole. 
As to adtion of two current elements in a magnetic field, 
the calculation of the energy due to either leads to a 
formula which is the arithmetical mean of the expressions 
of eledro-dynamic potential given by Neumann and 
Weber. The variations of this energy do not correspond 
to an equivalent work of eledtro- dynamic forces. Each 
positive work of these forces is accompanied with an in- 
crease of energy, whence we deduce the necessity of 
indudion. The law of the indudion can be determined. 
Applying this law to eledtric displacements of a dieledric 
medium, the equations fitting the latter agree with those 
given by the theory of light, not only in form, but in nu- 
merical values. The formula found for the energy excludes 
the propagation of a longitudinal displacement in the 
medium. 



Les Mondes, Vol. xxxvii., No. 14. August 5, 1875. 

On a Transformation of the Ele(5tric Spark from 
Holtz's Machine. — M. Demoyet. — It is well known that 
the sparks obtained from a Holtz machine are compounded 
of several continuous streams of luminous filets, of a 
brilliant white colour. In reality the luminous jets suc- 
ceed each other, as may be verified by rapidly changing 
one of the poles, and it is merely the persistence of the 
retina's image which gives the appearance of several simul- 
taneous jets. Now, let one of the poles of a Holtz 
machine, or of a coil, be put in connexion with a Ruhm- 
korfT insulated metallic circle, in whose interior turns a 
bent wire terminated by a point or a ball, and joined to 
the other pole. This wire in turning changes its position 
parallelly to the metallic circle, the sparks are given out 
successively, and, if the movement be regular, at equal 
distances : the effedls may be varied by enlarging or con- I 
tradline; the circle, or lengthening and shortening the 
movable stem. If a resistance be interposed between the 
two points, by means of an isolating plate pierced with a 
small hole, the sparks become intermittent, and are ac- 
companied by a reddish nimbus. If a resistance coil of 
fine wire, two- or three-tenths of a millimetre thick and 
50 to 100 metres long, wound on an insulated core, be 
placed in the circuit (and plunged into petroleum to in- 
crease the helix's insulation), intermitting sparks are ob- 
tained with a reddish nimbus, in all respe<5ls similar to 
those from the Ruhmkorflf coil, and having the same pro- 
perties. If, instead of winding the wire of the resistance 
coil upon itself, it be stretched in a straight line, to avoid 
extra currents, analogous — but less intense — effeds to the 
foregoing are obtained. From this we may conclude that 
this transformation of the spark is due — (i) to the resist- 
ance of the wire ; (2) to the indu<ftion of the current upon 
itself. When a soft iron core is used for the coil the re- 
sults are decreased, on account of magnetisation ; and 
this explains why the results obtained from the fine wire 
of a RuhmkoHf coil are less than those firom a fine wire 
simply twined around an insulated core. A portion of the 
elediromotive force is employed in producing — (i) a current 
in the thick wire ; (2] magnetisation in the soft iron core. 



flame. Kirchhoff showed that the relative intenaty of 

individual lines is not altered in a regular way byXriic 

of temperature ; hence the relatively weakest lines ia the 

fiame-spedlrum are sometimes the strongest in the tpaik> 

spedrum. On the other hand, it may surprise one to fai 

that for many substances the flame-spe^nim greatly o- 

ceeds the spark-spedrum in distindness and number of 

lines : the explanation is, that the less-heated flane- 

column — on account of its greater size — sends ligbt of 

considerably greater intensity to the slit than the nufl 

gas column, of comparatively higher temperature, of tke 

spark-path. Hence those substances "whose spedza d- 

ready appear at low temperatures are best observed iatk 

gas-flame, not in the spark ; such are ttie alkalies, iDes- 

line earths, indium, thallium, and some others. Tie 

spark temperature should be variable within not very wide 

limits, and the width of slit kept constant. With the 

usual single prism, it is best to narrovr the slit, 10 thM 

the two chloride of yttrium bands in the red are abcadjf 

dissolved in the clearly distinguishable system of Uses; 

and the indudlion-current should be of such strength thM 

the striking distance of the spark between two took 

pointed wires is about 2 cm. The author gives the n* 

suits of his study of various spedra. 

Experimental Determination of the Dielediiaiy 
Constants of some Gases. — M. Lr. Boltzmann.— Tie 
dieledlric constant of vacuum is taken as unity. Tbe 
square root of the constant of a gas is, accordio; to 
Maxwell's theory, equal to the index of refradion of tie 
gas. The following table gives M. Boltzmann's figm 
obtained from experiment, with a pressure of 760 slbl.'- 

VD. u 

Air 1*000295 x*ooo?()f 

Carbonic acid . , .. 1*000473 1*000449 

Hydrogen .. .. 1*000132 1*000x38 

Oxide of carbon .. 1*000345 1*000340 

Protoxide of nitrogen 1*000497 1*000503 

Olefiant gas . . . . 1*000656 x*ooo^8 

Marsh gas . . . . 1*000472 2*000443 



Poggendorjf's Annalen der Physik und der ChimU, 

No. 7, 1875. 

Spedral Analytic Researches. — R. Bunsen (con- 
tinued from previous number). — Width of slit is the most 
important influence on the asped of a continuous spedrum 
— next in importance is intensity of light. The heat of 
'. the jar-spark gives many lines which are not given (or 
^Only weakly) by the simple spark or the non-luminous gas- 



The dieledric constant of sulphur changes, conknaMf 
to Maxwell's theory, when taken in a different dindiai 
relatively to the optic axes of the crystal. 

An Experiment on the Eledro-Djmamie AAioi 
of the Polarising Current. — MM. Schiller and Cdky. 
—The authors' objed was to find whether a liooidcfli' 
dudlor exerts eledro-dynamic adiion while the dednfa 
in it are polarised. In a Wiedemann galvanometer,whii:k 
has two movable wire-coils on the two sides of the mC- 
net, one coil was removed, and a spirally wound aotf- 
chouc tube substituted. In this were put distilled toAt- 
lated water and two platinum eledrodes. Aconcittf 
four Daniells, which, notwithstanding the great itaaU ia, 
wrought considerable decomposition of the water, «■ 
sent in opposite diredlions through the liquid and the 1 
tallic spirals, and these were moved till they comp 
each other in adtion on the magnet. Then <me 
was substituted for the four Daniells. Neither at' 
the circuit nor afterwards, on closing the wire,viAiB 
battery excluded, was the least movement obienedisii 
magnet. Hence it follows that the process {Toiogflik 
the liquid is, in its adion on the magnet, perfectly efS** 
lent, both qualitatively and quantitatively, to the | ^''^ 
current passing in the metallic part of Uie drcmt. 

A Peculiar Case of Magnetisation. — M. Jiaip"| 

(From Comptes Rendus,) 

Magnetic Properties of Eledrol3rtically-pcodiQ|{j 
Iron. — M. W. Beetz. — The author notices some MMf'^ 
discrepance between M. Hols*s results and bit fM 
Some are accounted for by the fa^ that M. Beets 
with eledrolytically-produced magnets, but M. Holt 
ele^rolytically-produced iron, w£ch lie afterwtiii< 
netised (an essential difierence). The aathor is 
find M. Hols confirms his obsc^vatioo (as agaiMt 
that the iron prodooed fiom KleiA's tolntioa (gnci 
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)Som salt) has a high coercive force; also that 
8 a considerable degree of such force in all gal- 
ron. 

^ro-Eledric Tube, or Fulgurator, an Apparatus 
serving the Spedra of Metallic Solutions. — 
^elachanal and Mermet. — (From Annates de Chimie 
Physique.) In this instrument (described several 
s ago) there is a vertical capillary tube, with a pla- 
wire movable in it, and permitting a solution to 
t drop-wise. This tube, supplied with the liquid 
reservoir, is fitted into the stopper of a tube which 
d below, and has a second platinum wire passing 
I its bottom. ' The distance apart of the two elec- 
having been adjusted, a spark is made to pass, 
sdric current a^s mechanically, and facilitates the 
' of the liquid ; and if the apparatus is now placed 
e the slit of the spedroscope, the illuminated 
massing with suitable rapidity, allow of the speAral 
sing continuously observed. A second vessel is 
ed by a pipe with the side of the fulgurator tube, 
eives the excess of the escaping liquid. 



Zeiischrift fur Biologie, Band xi., Heft 2. 

e Arrangements for Eledrical Excitation : the 
( of Change of Tone of the Nerves of the 
lie Frog- Preparation. — M. Valentin. 



:kiv. fur Pathol. Anat, und Phys,y Band Ixiii., 
Heft 3 and 4. 

ro-Therapeutic Observations. — M. C. Schwalbe* 



\lleiin de VAcademie Imperiale des Sciences de 
St, Petersburg, 

he Velocity of Propagation of Excitation of 
Inal Cord.— M. Cyon. 

ives fur die Gesammte Phys.t Band x.. Heft 12. 

rvations on the Velocity of Propagation of 
tion in Muscles. — M. Hermann. 



Archives Neerlandaises^ Tome ix.. No. i. 

le Theory of Cosmic Origin of Polar Aurora. 
m Baumhauer. 
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dia- Rubber, Gutta-Percha, and Telegraph Works 
ly have heard from Mr. Gray, who is in charge of 
cpedition, that the second sedion of their West 
f South America Cables has been successfully com- 
that, namely, from Islay to Arica, both in Peru, 
^ion is about 200 miles long, and increases the total 
lompletely laid to 660 miles. The report of the di- 
lates that duringthehalf-yearended the 30th of June 
cable sales amounted to ;C72,573, against £63,933 
ame period of 1874 and ;£'34t285 in the same period 
. The general sales for the half-year amounted to 
i, against ;C87,9o6 in the same period of 1874, and 
;(^8o,784 in the same period of 1873. The business 
m for the half-year also shows an improvement 
e corresponding period of 2874. Th^ valuation of 
rertown property exceeded by £17^000 the amount 
books. With regard to the patents and goodwill 
, which had been brought down to ;£'45»ix5 from 
an ;£'i3o,ooo, the diredlors consider that the com- 
existing patents and the goodwill of its general 
I warrant them in keeping the account open, but 
»prove the recommendation of the committee ap- 
to inquire into the concerns of the c6mpany, that 
I should be gradually reduced. The Board express 



their indebtedness to this committee for their suggestions, 
which will be carefully considered in the interests of the 
company. With regard to the cables now being laid in 
Peru and Chili, each length of cable as it is completed, and 
also each sedion after it is shipped and covered with water, 
are tested by Messrs. Clark, Forde, and Co. The cable 
which was made for the West India and Panama Tele- 
graph Company, after the settlement of the suit with them, 
was tested and accepted by their engineer. Sir Samuel 
Canning. The cables made for the Dired Spanish Tele- 
graph Company continued to work well, and were earning 
an increasing income for that company. 

The traflfic receipts of the Submarine Telegraph Conv- 
pany for the month of July, 1875, amounted to £10,315 
I2S. 4d., and for the corresponding month of the preceding 
year to £9,274 12s. gd. 

The traffic receipts of the Anglo-American Telegraph 
Company for the nth inst. were £1330; for the 12th inst, 
£1300; for the 13th, £1330; for the 14th, £1300; for the 
15th, £300; for the i6th, £1130; for the 17th, £1340. 



TELkGRAPH SHARE LIST. 



Amount 

Eer 
are. 



Stock 
zo 

20 

10 

20 
10 
10 
20 
10 

• • 

20 
20 
10 
20 
20 

as 

20 

20 

20 

8 

Stock 

2 

20 
20 
20 
xooodla. 
zoo 
zo 

Cert. 

za 

200 



Namb op Company. 



Anglo-American 

Black Sea 

BnuUian Submarine 

Cuba 

Ditto, 20 per cent Preference 
Diredt Spanish . . 

Ditto, zo per cent Preference . . 
DireA United States Cable . . . . 
Eastern 

Ditto, 6 per cent Debenture . . . . 

Ditto, Exten. Australia and China 
German Union Telegraph and Trust 
Globe Telegraph and Trust .. .. 

Ditto, 6 per cent Preference . . . . 

Great Northern 

Indo-European 

Mediterranean Extension 

Ditto, 8 per cent Preference . . . . 
Panama and South Pacific. . . . . . 

Renter's 

Submarine 

Ditto, Scrip 

West India and Panama • 

Ditto, 20 per cent Preference 

Western and Brazilian 

Western Un. U.S. 7 per cent zst M.B. 

Ditto, 6 per cent 

Hooper's Telegraph Works . . . . 
India-Rubber and Gutta-Percha . . 

Submarine Cables Trust 

Telegraph Construdtion 

Ditto, 7 per cent Bonds 



Amount 

paid 

up. 



£ 

200 

All 

All 

All 

All 

a'u 

All 
All 

• a 

All 
All 
All 
All 
All 
All 
All 
All 

a1> 

200 

All 
All 
All 
All 
AH 
All 
All 
All 
200 
All 
All 



Closing 
Quota- 
tions. 




rUfk 

29—30 

96-99 
23— 23i 

200—203 



At the eighth ordinary general meeting of the share- 
holders of the Cuba Submarine Telegraph Company, 
Limited, held on the 17th inst. at the London Tavern, the 
report, to which we referred in our last issue, was adopted. 
It was stated that the new cable, contraded for with 
Hooper's Telegraph Works Company, Limited, was suc- 
cessfully laid, in April last, from Cienfuegos to Santiago de 
Cuba, and had continued to work satisfaAorily. At the 
same time the old cable was cut, and the ends landed at 
Cienfuegos, thereby establishing duplicate means of com- 
munication between Havannah and Santiago, as contem- 
plated by the diredors' special report of June 2, 1874. 
In the course of the half-year interruptions had occurred 
on the lines of contiguous companies, but, being of short 
duration, had not materially affe^ed the revenue of the 
company. The chairman (Mr. T. Hughes), in moving the 
adoption of the report, said, as to the rumours which he 
heard had been circulated in reference to the old cable- 
that, although the work had been successfully done, yet 
that the old cable was in a very unsatisfadory state, and 
liable to break down at any time — all the diredors could 
say was that the evidence and information they had did 
not bear out any idea of that kind. So far as they knew, 
the old cable was in excellent state, and there were tpeci- 
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mean of it on the table, which the shareholders could see 
for themselves. If they compared their former reports and 
accounts with the present, they would find that the earnings 
of the past half-year had exceeded those of any previous 
year except one. The retiring diredor, Mr. Hughes, and 
the retiring auditor, Mr. Cowen, having been re-eloftedi 
the proceedings terminated. 



PATENTS. 



APPLICATIONS FOR LETTERS PATENT. 

aySy. John Henry Johnson, gentleman, of 47, Lincoln's 
Inm Fields, Middlesex, for an invention of ** Improvements 
in producing eledtric signals, fires, and lights, and in the 
apparatus employed therein.'* — A communication to him 
from abroad by Fran90is Ernest de Meraanne, of Paris, 
France. — Dated August 7, 1875. 

2803. Robert Morley, Secretary to the Improved Elec- 
tric Telegraph Company, Limited, of 116, Palmerston 
Buildings, London, for an invention of ** Improvements in 
ele^ric telegraphs.'* — A communication to him from 
abroad by Julien Godener, of 57, Rue de I'Ouest, Paris, 
France. — Dated August 9, 1875. 

9806. Nathaniel John Holmes, gentleman, of The Hall, 
Primrose Hill Road, Regent's Park, London, Middlesex, 
for an invention of ** Improvements in the construAioA of 
audible alarm signals for marine and other purposes.** — 
Dated August 10, 1875. 

9844. Sir James Anderson, Knight, of 66, Old Broad 
Street, London, Edward Bull, eledrician, and George 
Oscar Spratt, both of Porthcurno, Cornwall, for an inven- 
tioo of ** Improvements in ele^ric telegraph apparatus.** 
— Dated August 12, 1875. 

GRAflTS OF PROVISIONAL PROTECTION FOR 

SIX MONTHS. 

S707. To William Marston Warden, John Muirhead, 
apd Josiah Latimer Clark, all of 29, Regent Street, West- 
minster, for the invention of ** Improvements io galvanic 
batteries.** 

INVENTIONS PROTECTED FOR SIX MONTHS 

On thb Deposit of Complete Specifications. 

Notice is hereby given, that the petition of — 

2740. William Clark, patent agent, of 53, Chancery 
Lan€» Middlesex, praying for Letters Patent for the inven- 
tion of ** Improved electric railway signalling apparatus/* 
— ^a communication to him from abroad by David Rous- 
aeau, of New York, U.S.A.,— was deposited and recorded 
in the Office of the Commissioners on the 4th day of 
August, X875, and a Complete Specification accompanying 
auch petition was at the same time filed in the said office. 

PATENTS WHICH HAVE BECOME VOID. 

2327. Edward Augustine Calahan, telegraphic engineer, 
of Brooklyn, New York, U.S.A.. now of 8, Southampton 
Buildings, London, for an invention of ^ Improvements in 
tieJLegraphic printing instruments, and in apparatus con- 
ae^ed therewith.** — Dated August 3, 1872. 

PATENTS 

C^ WHICH THB Stamp Duty op £iqo has been paid, 

Ain> Dates op thbu P&oductiom for Ceetificate. 

6ih August, 
4505. Matthew Gray, engineer, cf Highbury Hill, Mid- 
dljssexj and Frederick Hawkins, eledrician, of Silvertowa, 
Epsex, for an invention of ** Improvements in the mode of 
and appiLTAtus used in manufaAuring telegraphic insulated 
wires and caUes.'* — Dated August iz, x868. 

ABSTRACTS OF SPECIFICATIONS. 

ImpravfmsiUs in the msuns vnd apparatus for indicatimg 
tk$ 9f4id of skips, Henry Edward Uargreaves, Rio oe 
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Since the day when Ele<5lricity was first disco- 
vered, until now, its vast importance and its 
high destinies have grown upon the human 
mind. Fresh phases of its power, fresh results, 
new means of obtaining and governing its 
acflion, and mrUiplied ends to which it may be 
turned, have constantly discovered them- 
selves ; till to-day it stands out as one of the 
grandest subjedls presented to the scientific and 
practical world for investigation and research. 
Perhaps, however, no other Science or Art 
has exhibited so extraordinary a concurrence 
of anomalies. It is at once the most ter- 
rible monster and the most humble and 
obedient servant , its adlion is at one moment 
beneficial, at the next destrucflive ; its range is 
boundless, yet it may be ** cabined, cribbed, 
confined " at ease ; it is ever3rwhere present, 
while its nature is only imperfe<5lly understood ; 
and, to crown all, although it is one of the most im- 
portant agents in the adtion and the phenomena 
of the universe, and increasing knowledge of 
its applicability to the needs of our race is of 
the utmost importance, no diredl means of as- 
certaining the thoughts and discoveries of its 
students, or of bringing them before the scien- 
tific and mechanical community, at present 
exist. Attempts have been made to supply 
this want, and journals have been started 
with the professed objedl in view of making 
public all that is known or can be learnt 
of Eledlricity in all its branches. But they 
have degenerated into unscientific records of 
unimportant events, and the purpose for which 
they were es^blished has been lost sight of. 
Thus it come%*that— while .Engineering, Che- 
mistry, and other Applied Sciences have , all 
their representative recognised organs — ^the 
Elec5trician finds himself withoiut any current 
journal from which he can learn the events 
which are daily occurring of peculiar interest 
to himself. 



Such a want has now been supplied by the 
establishment of the Electrical News akd 
Telegraphic Reporter. In its columns will be 
found the most valuable opinions of eminent 
Ele(5lricians and scientific men all over the world. 
Articles will be contributed which will be of value 
not only to those who study Eledlricity as amateur 
experimentalists or scientific inquirers, but also 
to those whose daily life is bound up with the 
advancement of pradlical knowledge in all de- 
partments of the science, and who as elec- 
tricians, telegraphists, ele<5lrotyperSy eleiSbo- 
platers, and chemists have continually to deal 
with the same marvellous agent of force in 
different ways. Nor will the doings of foreign 
societies be ignored as in times gone by, b^ 
in the shape of carefully prepared abstnufb, 
their proceedings will be presented to our readers. 
Every opportunity will be given for the heahfa- 
ful discussion of the science in all its branchei, 
and a fair unbiassed course will be steemtin 
all questions of dispute. 

This, then, is our Programme in brief. More 
we could promise, but prefer to let the new 
periodical speak for itself. The subjedt with 
which it will deal is of too great importance to 
need one word of recommendation. Daily er 
perience teaches us that we are as yt\ on die 
threshold only of a vast expanse of ele^HicJ 
knowledge. This has to be explored, and ii 
the research gains in strength and intelligence 
the results will be far beyond all present co^ 
ception. The feat of girdling the earth ii 
forty minutes will be eclipsed by great deedt 
yet to be done, and if the establishment of 
the Electrical News and Telegrahoc 
Reporter conduces to the hastening of thii 
desirable end our objedl will have been gtific^' 
and we shall be fully rewarded. 

Boy Court, Ludgate Hill, LondiMit E.C. 
July lit, 1875. 
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UGURAL ADDRESS OF THE PRESIDENT, 
Sir John Hawkshaw, F.R.S. 



LEMEN, — To those on whom the British Association 
rs the honour of presiding over its meetings, the 
e of a subjedl presents some difficulty. 
; Presidents of SeAions, at each annual meeting, 
m account of what is new in their respc(5live depart- 
i ; and essays on science in general, though desirable 
nteresting in the earlier years of the Association, 
i be less appropriate to-day. 

jt Presidents have already discoursed on many sub- 
on things organic and inorganic, on the mind and 
ings perhaps beyond the reach of mind ; and I have 
:d at the conclusion that humbler themes will not be 
f place on this occasion. 

»ropose in this Address to say something of a pro- 
)n to which my lifetinTe has been devoted — a theme 
1 cannot perhaps be expedted to stand as high in 
estimation as in my own, and I may have some 
ulty in making it interesting ; but I have chosen it 
jse ii is a subjedl I ought to understand better than 
jther. I propose to say something on its origin, its 
, and kindred topics. 

pid as has been the growth of knowledge and skill 
pplied to the art of the engineer during the last 
jry, we must, if we would trace its origin, seek far 
among the earliest evidences of civilisation, 
early times, when settled communities were few and 
ted, the opportunities for the interchange of know- 
e were scanty or wanting altogether. Often the 
ly accumulated results of the experience of the wisest 
Is and the most skilful hands of a community were 
on its downfall. Inventions of one period were lost I the time.H 

r I :_ Ik* ..: ^ : .: *^-. L-.- i„J »t j__ .t 



the Mediterranean. Laplace at once declared that such 
could not be the case, tor the mean level of the sea was 
the same on all parts of the globe. Centuries before the 
time of Laplace the same objedion had been raised 
against a projeA for joining the waters of these two seas. 
According to the old Greek and Roman historians, it was 
a fear of flooding Egypt with the waters of the Red Sea 
that made Darius, and in later times, again, Ptolemy, 
hesitate to open the canal between Suez and the Nile." 
Yet this canal was made, and was in use some centuries 
before the time of Darius. 

Strabof tells us that the same objed^ion — that the 
adjoining seas were of different levels — was made by his 
engineers to Demetrius, J who wished to cut a canal 
through the Isthmus of Corinth some two thousand years 
ago. But Straboll dismisses at once this idea of a dif- 
fetence of level, agreeing with Archimedes that the force 
of gravity spreads the sea equally over the earth. 

When knowledge in its higher branches was confined 
to a few, those who possessed it were often called upon to 
perform many and various services for the communities 
to which they belonged ; and we find mathematicians and 
astronomers, painters and sculptors, and priests, called 
upon to perform the duties which now pertain to the pro- 
fession of the archited and the engineer. And as soon 
as civilisation had advanced so far as to admit of the 
accumulation of wealth and power, then kings and rulers 
sought to add to their glory while' living by the eredlion of 
magnificent dwelling-places, and to provide for their 
aggrandisement after death by the constru<5tion of costly 
tombs and temples. Accordingly, we soon find men of 
ability and learning devoting a great part of their time to 
building and architecture, and the post of architedt be- 
came one of honour and profit. In one of the most 
ancient quarries of Egypt a royal high architeft of the 
dynasty of the Psammetici has left his pedigree sculptured 
on the rock, extending back for twenty-three generations, 
all of whom held the same post in succession in connec- 
tion with considerable sacerdotal offices. § 

As there were in these remote times officers whose duty 
it was to design and constru(5t, so also there were those 
whose duty it was to maintain and repair the royal palaces 
and temples. In Assyiia, 700 years before our era, as we 
know from a tablet found in the palace of Sennacherib 
by Mr. Smith, there was an officer whose title was the 
Master of Works. The tablet I allude to is inscribed with 
a petition to the king from an officer in charge of a 
palace, requesting that the Master of Works may be sent 
to attend to some repairs which were much needed at 



found again. Many a patient investigator has puzzled 
)rain in trying to solve a problem which had yielded 
more fortunate labourer in the same field some cen- 
fs before. 

he ancient Egyptians had a knowledge of Metallurgy, 
h of which was lost during the years of decline which 
)wed the golden age of their civilisation. The art of 
ing bronze over iron was known to the Assyrians, 
igh it has only lately been introduced into modern 
allurgy; and patents were granted in 1609 for pro- 
ves conne<5Ved with the manufacture of glass, which 
been pradiised centuries before.* An inventor in the 
n of Tiberius devised a method of producing flexible 
is, but the manufadory of the artist was totally 
troyed, we are told, in order to prevent the manufacture 
:opper, silver, and gold from, becoming depreciated.! 
kgain and again engineers, as well as others, have made 
takes from not knowing what those had done who have 
e before them, and have had the same difficulties to 
tend with. In the long discussion which took place 
:o the practicability of making the Suez Canal, an early 
sCtion was brought against it that there was a difference 
)2i feet between the level of the Red Sea and that of 



Under the Roman Empire there was almost as great a 
division of labour in connection with building and design 
now exists. The great works of that period were 



as 



executed and maintained by an army of officers and work- 
men, who had special duties assigned to each of them. 

Passing by those early attempts at design and construc- 
tion which supplied the mere wants of the individual and 
the household, it is to the East that we must turn if we 
would find the earliest works which display a knowledge 
of engineering. Whether the knowledge of engineering, 
if we may so call it, possessed by the people of Chaldsea 
and Babylonia was of native growth or was borrowed from 
Egypt is, perhaps, a question which cannot yet be an- 
swered. Both people were agricultural, dwelling on fertile 
plains, interseded by great rivers, with a soil requiring 
water only to enable it to bring forth inexhaustible crops. 
Similar circumstances would create similar wants, and 
stimulate to aCtion similar faculties to satisfy them. Apart 
from the question of priority of knowledge, we know that 
at a very early period — some tour or five thousand years 



Liyard'a "Nineveh and Babylon," p. 191 j B^^kman's '* History 

nvei.lion!*," vol. ii., p. 85. 

riiny, *' N*t. Hist.," 3k. x.wvi., c. 66. 
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* Pliny, •• Nat. Hist.," Bk. vi., c. 33. 
f Strabo, c. iii., § 11. 

; Demetrius I., King of Macedonia, died aSj B.C. 
R Strabo, c. iii., Sec. 12. 

§ '* Discovcties in Egypt, Ethiopia, &c.," by Dr. Lepsius, and edf/ 
.318. 
V Smith's (G.) * Aasyriao Pjicovcries," and edit, p. 414, 
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ago at least — there were men in Mesopotamia and Egypt 
\vno possessed considerable mechanical knowledge, and 
no little skill in hydraulic engineering. Of the men them- 
selves we know little : happily, works often remain when 
the names of those who conceived and executed them 
have long been forgotten. 

It has been said that architedlure had its origin not only 
in nature, but in religion ; and if we regard the earliest 
works which required mechanical knowledge and skill, the 
same may be said of engineering, The largest stones 
were chosen for sacred buildings, that they might be more 
enduring as well as more imposing, thereby calling for 
improvement and invention of mechanical contrivances, 
to assist in transporting and elevating them to the position 
they were to occupy ; for the same reason the hardest and 
most costly materials were chosen, calling for further 
improvement in the metal forming the tools required to 
work them. The working of metals was further perfected 
in making images of the gods, and in adorning with the 
more precious and ornamental sorts the interior and even 
external parts of their shrines. 

The earliest buildings of stone to which we can assign 
a date, with any approach to accuracy, are the pyramids 
of Gizeh. To their builders they were sacred buildings, 
even more sacred than their temples or temple palaces. 
They were built to preserve the royal remains, until, after 
a lapse of 3000 years, which we have reason to believe 
was the period assigned, the spirit which had once ani- 
mated the body should re-enter it.' Although built 
5000 years ago, the masonry of the Pyramids could not be 
surpassed in these days ; all those who have seen and 
examined them, as I myself have done, agree in this : 
moreover, the design is perfedl for the purpose for which 
they were intended, above all to endure. The building of 
pyramids in Egypt continued for some ten centuries, and 
from sixty to seventy still remain, but none are so admi- 
rably construdied as those of Gizeh. Still, many contain 
enormous blocks of granite from 30 to 40 feet long, 
weighip J -lore than 300 tons, and display the greatest 
ingenuity in the way in which the sepulchral chambers are 
construdted and concealed. f 

The genius for dealing with large masses in building 
did not pass away with the pyramid builders in Egypt, 
but their descendants continued to gain in mechanical 
knowledge, judging from the enormous blocks which they 
handled with precision. When the command of human 
labour was unlimited, the mere transport of such blocks 
as the statue of Rameses the Great, for instance, which 
weighed over 800 tons, need not so greatly excite our 
wonder ; and we know how such blocks were moved from 
place to place, for it is shown on the wall paintings of 
tombs of the period which still remain. 

But as the weight of the mass to be moved is increased, 
it becomes no longer a question of only providing force in 



were by Fontana in Rome in later times, when the know. 
ledge of mechanics, we know, was far advanced.* 

The pradice of using large blocks of stone, either as 
monoliths or as forming parts of strudures, has existed 
from the earliest times in all parts of the world. 

The Peruvians used blocks weighing from 15 to 20 tons, 
and fitted them with the gr^test nicety in ttieir deverlj 
designed fortifications. f 

In India, large blocks were used in bridges when the 
repugnance of Indian builders to the use of the arch r«D. 
dered them necessary, or in temples where — as in the 
Temple of the Sun at Orissa — stones weighing from 20 to 
30 tons form part of the pyramidal root at a height of 
from 70 to 80 feet from the ground. J Even as late as the 
last century, Indians, without the aid of machinery, were 
using blocks of granite above 40 feet long for the door- 
posts of the gateway of Seringham, and roofing blocks of 
the same stone for a span of 21 feet.|| 

At Persepolis, in the striking remains of the palaces of 
Xerxes and Darius, more than one traveller has noted th« 
great size of the stones, some of which are stated to be 
55 feet long and 6 to 10 feet broad. 

So in the Greek temples of Sicily, many of the blwks 
in the upper pans of the temples are from 10 to 20 tool 
weight. 

The Romans, though they did not commonly use lacb 
large stones in their own construdlions, carried off the 
largest obelisks from Egypt and eredled them at Rome, 
where more are now to be found than remain in Egypt. 
In the temples of Baalbek, eredled under Roman rule, 
perhaps the largest stones are to be found which havebeco 
used for building since the time of the Pharaohs. The 
terrace wall of one of the temples is composed of three 
courses of stones, none of which are less than 30 ke. 
long ; and one stone still lies in the quarry squared asd 
ready for transport, which is 70 feet loii^ and 14 ktt 
square, and weighs upwards of 1135 tons, or nearly as 
much as one of the tubes of the Britannia Bridge. 

I have not mentioned dolmens and menhirs, mde no- 
hewn stones often weighing from 30 to 40 tons, which arc 
found from Ireland to India, and from Scandinavia to tiie 
Atlas, in Africa. To transport and ere<5l such rude masio 
required little mechanical knowledge or skill, and the 
operation has excited more wonder than it deserves. 
Moreover, Fergusson has gone far to show that the date 
assigned to many of them hitherto has been far too n- 
mote ; most, and possibly all, of those in northern sod 
western Europe having been ereded since the vime of tie 
Roman occupation. And to this day the same author 
shows that menhirs, single stones often weighing o«tr 
20 tons, are ereded by hill tribes of India in close proziniiy 
to stone buildings of elaborate design and finished tzeco- 
tion, eredled by another race of men.§ 
For whatever purpose these vast stones were seledcd— 



the shape of human bone and muscle. In moving, in the whether to enhance the value or to prolong the enduiance 
last century, the block which now forms the base for the of the buildings of which they formed a part the tu fla 



statue of Peter the Great, at St. Petersburg, and which 
weighs 1200 tons, force could be applied as much as was 
wanted, but great difficulty was experienced in supporting 
it, and the iron balls on which it was proposed to roll the 
block along were crushed, and a harder metal had to be 
substituted. H To facilitate the transport of material, the 
Egyptians made solid causeways of granite from the Nile 
to the Pyramids ; and in the opinion of Herodotus, who 
saw them, the causeways were more wonderful works than 
the Pyramids themselves. § 

The Egyptians have left no record of how they accom- 
plished a far more difficult operation than the mere trans- 
port of weight — that is, how they eredted obelisks weighing 
more than 400 tons. Some of these obelisks must have 
been lifted vertically to place them in position, as they 



♦ Fergusson '8 " History of Architccflurc," vol. i., p. 85; Wilkinson's 
" Ancient Egyptians," 2nd series, vol. n , p. 444. 
\ Vyse's" pyramids of Gizeh," vol. lii., pp. i6, 41, 45, 57. 
t Rondclst'i " Trail* ds I'Art de Bilxr," vol, i., p. 73. 
9 Ijerodotus, Bk. i|., c. 124. 
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the ingenuity of those who moved and placed themmtft 
have tended to advance the knowledge of mechanical 
appliances. 

The ancient Assyrians and Egyptians had possibly dor 
knowledge of mechanical appliances than they axe gcM- 
rally credited with. In the wall paintings and scolptorei 
which show their mode of transporting large blocb ^ 
stone, the lever is the only mechanical power represciiKd, 
and which they appear to have used in such operatiott; 
nor ought we to expert to find any other used, for, where 
the supply of human labour was unlimited, the most ex- 
peditious mode of dragging a heavy weight along vk-aali 

* For ohelibk crciHed at Arle% 1676. see Rondelet's ** L'Art & 
Batir," vol. i., p. 48. Its weight was nearly 200 tons, and it was ssf- 
pended vertically by eight ships' masts. 

+ Fergusson's 'History of Archite^ure,'* vol. iL, p. 779: Soskr, 
•' Peru," p. 24. 

t The Temple of the Sun was buUt 1237 — xjSa A.O,— Hnttr^ 
" Oriisa."' vol. i., pp. 2S8, 297. ^ 

H Fergussun's ' Rude Stone Monuments,** p. g6. 

§ Fer^usson's " Rud^ ScpQe Monuments,** pp. ^x-^^^^ 
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be by human power ; to have applied pulleys and capstans, 
such as would now be employed in similar undertakings, 
would have been mere waste of time. In some countries, 
even now, where manual labour is more plentiful than 
mechanical appliances, large numbers of men are employed 
to transport heavy weights, and do the work in less time 
than it could be done with all our modem mechanical 
appliances. In other operations, such as raising obelisks, 
or the larj(e stones used in their temple palaces, where 
human labour could not be applied to such advantage, it 
is quite possible that the Egyptians used mechanical aids. 
On one of the carved slabs which formed part of the wall 
panelling of the palace of Sardanapalus, which was built 
about 930 years before our era, a single pulley is clearly 
shown, by which a man is in the a<5^ of raising a bucket — 
probably drawing water from a well.* 

It has sometimes been questioned whether the Egyptians 
had a knowledge of steel. It seems unreasonable to deny 
them this knowledge. Iron was known at the earliest 
times of which we have any record. It is often mentioned 
in the Bible, and in Homer; it is shown in the early 
paintings on the walls of the tombs at Thebes, where 
Dutchers are represented as sharpening their knives on 
pieces of metal coloured blue, which were most probably 
pieces of steel. f Iron has been found in quantity in the 
ruined palaces of Assyria ; and in the inscriptions of that 
country fetters are spoken of as having been made of iron, 
which is also so mentioned in connection with other metals 
as to lead to the supposition that it was regarded as a base 
and common metal. Moreover, in the Great Pyramid a 
piece of iron was found in a place where it must have lain 
lor 5000 years.^ The tendency of iron to oxidise must 
render its preservation for any long period rare and ex- 
ceptional. The quality of iron which is now made by the 
native races of Africa and India is that which is known as 
wrought iron : in ancient times, Dr. Percy says the iron 
which was made was always wrought iron. It is very 
nearly pure iron, and a very small addition of carbon 
would convert it into steel. Dr. Percy says the extraction 
of good malleable iron diredtly from the ore ** requires a 
degree of skill very far inferior to that which is implied in 
the manufacture of bronze." || And there is no great 
secret in making steel : the natives of India now make 
excellent steel in the most primitive way, which they have 
practised from time immemorial. When steel is to be 
made, the proportion of charcoal used with a given quan 



the early civilised communities of the West if she were 
the first to supply them with iron and steeL 

An interesting social problem is afforded by a com- 
parison of the relative conditions of India and this country 
at the present time. India, from thirty to forty centuries 
ago, was skilled in the manufacture of iron and cotton 
goods, which manufactures, in less than a century, have 
done so much for this country. It is true that in India 
coal is not so abundant or so universally distributed as in 
this country. Yet, if we look still further to \hp East, 
China had probably knowledge of the use of metals as 
soon as India, and morf^over had a boundless store of 
iron and coal. Baron Richthofen, who has visited and 
described some of the coalfields of China, believes that 
one province alone, that of Southern Shansi, could Supply 
the world at its present rate of consumption for several 
thousand years. The coal is near the surface, and iron 
abounds with it. Marco Polo tells us that coal was 
universally used as fuel in the parts of China which he 
visited towards the end of the fourteenth century, and 
from other sources we have reason to believe it was used 
there as fuel 2000 years ago. But what progress has 
China made in the last ten centuries ? A great future is 
undoubtedly in store for that couptry ; but can the race 
who now dwell there develop its resources, or must they 
await the aid of an Aryan race ? Or is anything more 
necessary than a change of institutions, which might 
come unexpectedly, as in Japan ? 

The art of extracting metals from the ore was pradised 
at a very early date in this country. The existence long 
ago of tin mines in Cornwall, which are so often spoken 
of by classical writers, is well known to all. That iron 
was also extracted from the ore by the ancient Britons is 
most probable, as it was largely used for many purposes 
by them before the Roman conquest. The Romans 
worked iron extensively in the Weald of Kent, as we 
assume from the large heaps of slag containing Roman 
coins which still remain there. The Romans always 
availed themselves of the mineral wealth of the countries 
which they conquered, and their mining operations were 
often carried out on the largest scale, as in Spain, for 
instance, where as many as forty thousand miners were 
regularly employed in the mines at New Carthage.* 

Coal, which was used for ordinary purposes in England 
as early as the ninth century, does not appear to have 
been largely used for iron smelting until the eighteenth 



tity of ore is somewhat larger, and the blast is applied ; century, though a patent was granted for smelting iron 
more slowly than when wrought iron is the metal re- | with coal in the year 161 i.f The use of charcoal for 
quired. § Thus, a vigorous native working the bellows of that purpose was not given up until the beginning of this 
skin would make wrought iron where a lazy one would century, since which period an enormous increase in the 



have made steel. The only apparatus required for the 
manufaAure of the finest steel from iron ore is some clay 
for making a small furnace 4 feet high, and from i to 
d feet broad, some charcoal for fuel, and a skin with a 
bamboo tuyere for creating the blast. 

The supply of iron in India as early as the fourth and 
fifth centuries seems to have been unlimited. The iron 
pillar of Delhi is a remarkable work for such an early 
period. It is a single piece of wrought iron 50 ft. in 
length, and it weighs not less than 17 tons.^ How the 
Indians forged this large mass of iron and other heavy 
pieces which their distrust of the arch led them to use in 
the construction of roofs, we do not know. In the 
temples of Orissa iron was used in large masses as beams 
or girders in roof- work in the thirteenth century.** 

The influence of the discovery of iron on the progress 
of art and science cannot be over-estimated. India well 
repaid any advantage which she may have derived from 



■^ Layard*s '* Nineveh and its Remains," vol. ii., p. 31. 
f Wilkinson't *' Ancient Egyptians," vol. iii., p. 247. 
t Vyae's " Pyramids oi Gizeh," vol. i., p. 273. 
I Percy'a " Iron and Steel," p. 873. 
8 Jbid.f p. 339. 

% Fergusaon'a "History of Architecture," vol. ii , p. 460; and 
•* Rude Stone MonomenU," pp. 4Bx-3. Cunningham's " Arvb»ological 
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** Htiiisr't *' OriM#r vo). C, p. 99S, 



mining and metallurgical industries has taken place ; the 
quantity of coal raised in the United Kingdom in 1873 
having amounted to 127 million tons, and the quantity of 
pig iron to upwards of 6^ million tons. 

The early building energy of the world was chiefly 
spent on the ereCtion of tombs, temples, and palaces. 

While, in Egypt, as we have seen, the art of building in 
stone had 5000 years ago reached the greatest perfedion, 
so in Mesopotamia the art of building with brick, the 
I only available material in that country, was in an equally 
advanced state some ten centuries later. That buildings 
of such a material have lasted to this day shows how well 
the work was done ; their ruinous condition even now is 
owing to their having served as quarries for the last three 
or four thousand years, so that the name of Nebuchad- 
nezzar, apparently one of the greatest builders of ancient 
times, is as common on the bricks of many modern towns 
in Persia as it was m old times in Babylon. The labour 
required to construct the brick temples and palaces of 
Chaldaea and Assyria must have been enormous. The 
mound of Koyunjik alone contained 14! million tons, 
and represents the labour of 10,000 men for twelve years. 
The palace of Sennacherib, which stood on this mound, 
was probably the largest ever built by any one monarch, 

* Strabo, Bk. iii., c. ii., aec xo. 
f Pf rcy's " Iron and Stetl," p. 883, 
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containing as it did more than two miles of walls, 
panelled with sculptured alabaster slabs, and twenty- 
seven portals, formed by colossal bulls and sphinxes.* 

The pyramidal temples of Chaldaea are not less 
remarkable for the labour bestowed on them, and far 
surpass the buildings of Assyria in the excellence of 
their brickwork. 

The pradice of building great pyramidal temples seems 
to have passed eastwards to India and Burmah, where it 
appears in buildings of a later date, in Buddhist topes 
and pagodas ; marvels of skill in masonry, and far sur- 
passing the old brick moulds of Chaldaea in richness of 
design and in workmanship. Even so late as this 
century a king of Burmah began to build a brick temple 
of the old type, the largest building, according to 
Fergusson, which has been attempted since the 
Pyramids.! 

The mere magnitude of many of these works is not so 
wonderful when we take into account the abundance of 
labour which those rulers could command. Countries 
were depopulated, and their inhabitants carried off and 
made to labour for the conquerors. The inscriptions of 
Assyria describe minutely the spoils of war and the 
number of captives; and in Egypt we have frequent 
mention made of works being executed by the labour of 
captive peoples. Herodotus tells us that as many as 
360,000 men were employed in building one palace for 
Sennacherib.:^ At the same time, it must not be for- 

fotten that the very charadler of the multitude would 
emand from some one the skill and brain to organise and 
direct, to design and plan the work. 

It would be surprising if men who were capable of 
undertaking and successfully completing unproduiftive 
works of such magnitude did not also employ their 
powers on works of a more useful class. Traces still 
remain of such works ; enough to show, when compared 
with the scanty records of the times which have come 
down to us, that the prosperity of such countries as Egypt 
and Mesopotamia was not wholly dependent on war and 



would at an early period have made themselves acquainted 
with its regime. We know that they carefully registered 
the height of the annual rise of its waters ; such registers 
still remain inscribed on the rocks on the banks of the 
Nile, with the name of the king in whose reign they were 
made.* The people of Mesopotamia were equally 
observant of the regime ot their great rivers, and took 
advantage in designing their canals of the different 
periods of the rising of the waters of the Tigris and 
Euphrates. A special officer was appointed in Babylon, 
whose duty it was to measure the rise of the river ; and 
he is mentioned in an inscription found in the ruins of 
that city, as recording the height of the water in the 
temple of Bel.f The Assyrians, who had a far more 
difficult country to deal with, owing to its rocky and 
uneven surface, showed even greater skill than the 
Babylonians in forming their canals, tunnelling through 
rock, and building dams of masonry across the Euphrates. 
While the greater number of these canals in Egypt and 
Mesopotamia were made for the purpose of irrigation, 
others seem to have been made to serve at the same time 
for navigation. Such was the canal which effeded 1 
jundlion between the Mediterranean and the Red Sea, 
which was a remarkable work, having regard to the 
requirements of the age in which it was made. Its 
length was about 80 miles; its width admitted of two 
triremes passing one another. { At least one of the 
navigable canals of Babylonia, attributed to Nebuchad- 
nezzar, can compare in extent with any work of later 
times. I believe Sir H. Rawlinson has traced the canal 
to which I allude throughout the greater part of its 
course, from Hit on the Euphrates to the Persian Gulf, a 
distance of between four and five hundred miles.|( It is a 
proof of the estimation in which such works were heldio 
Babylonia and Assyria, that, among the titles of the god 
Vul were those of" Lord of Canals," and " The Establisher 
of Irrigation Works."§ 

The springs of knowledge which had flowed so Ion» in 
Babylonia and Assyria were dried up at an early period. 



conquest, but that the reverse was more likely the case, I With the fall of Babylon and destru<5tion of Nineveh the 
and that the natural capabilities of those countries were .) settled population of the fertile plains around them dis- 



greatly enlarged by the construdlion of useful works of 
such magnitude as to equal, if not in some cases surpass, 
those of modern times. 

Egypt was probably far better irrigated in the days of 
the Pharaohs than it is now. To those unacquainted 
with the difficulties which must be met with and overcome 
before a successful system of irrigation can be carried out, 
even in countries in which the physical conditions are 
favourable, it may appear that nothing more is required 
than an adequate supply of unskilled labour. Far more 
than this was required : the Egyptians had some know- 
ledge of surveying, forEustathius says they recorded their 
marches on maps;|| but such knowledge was probably in 
those days very limited, and it required no ordinary grasp 
of mind to see the utility of such extensive works as were 
carried out in Egypt and Mesopotamia, and, having seen 
the utility, to successfully design and execute them. To 
cite one in Egypt — Lake Mceris, of which the remains 
have been explored by M. Linant, was a reservoir made 
by one of the Pharaohs, and supplied by the flood waters 
of the Nile. It was 150 square miles in extent, and was 
retained by a bank or dam 60 yards wide and 10 high, 
which can be traced for a distance of thirteen miles. 
This reservoir was capable of irrigating 1200 square miles 
of country.§ No work of this class has been undertaken 
on so vast a scale since, even in these days of great 
works. 

The prosperity of Egypt was in so great a measure 
dependent on its great river, that we should expe(5l that 
the Egyptians, a people so advanced in art and science, 



♦ Layard's " Nineveh and Babylon." p. 589. 



appeared, and that which was desert before man led the 
waters over it became desert again, affording a wide field 
for, and one well worthy of, the labours of engineers to 
come. 

Such was not the case with Egypt. Long after the 
period of its greatest prosperity was reached, it remained 
the fountain head from whence knowledge flowed to 
Greece and Rome. The philosophers of Greece and 
those who, like Archimedes, were possessed of the best 
mechanical knowledge of the time, repaired to Egypt to 
study and obtain the foundation of their knowledge fiom 
thence. 

Much as Greece and Rome were indebted to Egypt, it 
will probably be found, as the inscribed tablets met witi 
in the mounds of Assyria and Chaldaea are deciphered, 
that the later civilisations owe, if not more, at least as 
much, to those countries as to Egypt. This is the 
opinion of Mr. Smith, who, in his work describing bis 
recent interesting discoveries in the East, says that the 
classical nations *' borrowed far more from the vallev of 
the Euphrates than that of the Nile." IT 

In the science of astronomy, which in these da>^ ii 
making such mar\'ellous discoveries, Chaldsea was un- 
doubtedly pre-eminent. Among the many relics of these 
ancient peoples which Mr. Smith has recently brought to 
this country is a portion of a metal astrolabe from the 
palace of Sennacherib, and a tablet on which is recorded 
the division of the heavens according to the four seasons, 
and the rule for regulating the intercalary month of the 
yeai\ Not only did the Chaldeans map out the heavens 




* Lepsius's " Discoveries in Egypt,** &c., p. a68. 

I .?71'^^X" Assyrian Discoyeries," pp. 395.7, »ecoad edilioo. 
i fierodotus," Rk. ii., c. clvm. 

1; R^wlinson's " Herodotus," vol. i,, p. 4J01, secood editioo. 
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and arrange the stars, but they traced the motion of the 
planets, and observed the appearance of comets ; they 
tixed the signs of the zodiac, and they studied the sun 
and moon and the periods of eclipses.* 

But to return to that branch of knowledge to which I 
wish more particularly to draw your attention, as it grew 
and spread from East to West, from Asia over Europe. 
Of all nations of Europe, the Greeks were most intimately 
connedled with the civilisation of the East. A maritime 
people by the nature of the land they lived in, colonisa- 
tion followed as a matter of course on the tracks of their 
trading vessels ; and thus, more than any other people, 
they helped to spread Eastern knowledge along the 
shores of the Mediterranean, and throughout the South of 
Europe. 

The early constru(ftive works of Greece, till about the 
seventh century B.C., form a strong contrast to those of 
its more prosperous days. Commonly called Pelasgian, 
they are more remarkable as engineering works than 
admirable as those which followed them were for archi- 
tedlural beauty. Walls of huge unshapely stones — 
admirably fitted together, however — tunnels, and bridges, 
charadlerise this period. In Greece, during the few and 
glorious centuries which followed, the pne aim in all 
construdlion was to please the eye, to gratify the sense of 
beauty ; and in no age was that aim more thoroughly and 
satisfadorily attained. 

In these days, when sanitary questions attra(5l each 
year more attention, we may call to mind that twenty- 
three centuries ago the city of Agrigentum possessed a 
system of sewers, which, on account of their large size, 
%vere thought worthy of mention by Diodorus.f This is 
not, however, the first record of towns being drained ; 
the well-known Cloaca Maxima, which formed part of the 
drainage system of Rome, was built some two centuries 
earlier, and great vaulted drains passed beneath the 
palace mounds of unburnt brick at Nimroud and Babylon ; 
and possibly we owe the preservation of many of the 
interesting remains found in the brick mounds of Chaldaea 
to the very elaborate system of pipe drainage discovered 
in them, and described by Loftus.J 

Whilst Pelasgian art was being superseded in Greece, 
the city of Rome was founded in the eighth century before 
our era ; and Etruscan art in Italy, like the Pelasgian art 
in Greece, was slowly merged in that of an Aryan race. 
The Etruscans, like the Pelasgians and the old Egyptians, 
were Turanians, and remarkable for their purely con- 
strudlive or engineering works. Their city walls far 
surpass those of any other ancient race, and their drain- 
age works and tunnels are most remarkable. 

The only age which can compare with the present one 
in the rapid extension of utilitarian works over the face of 
the civilised world, is that during which the Romans, an 
Aryan race, as we are, were in power. As Fergusson has 
said, the mission of the Ayran races appears to be to 
pervade the world with useful and industrial arts. That 
the Romans adorned their bridges, their aquedudls, and 
their roads ; that with a sound knowledge of constru(5lion 
they frequently made it subservient to decoration, was 
partly owing to the mixture of Etruscan or Turanian 
blood in their veins, and partly to their great wealth, 
which made them disregard cost in their construdion, and 
to their love of display. 

It would be impossible for me to do justice to even a 
small part of the engineering works which have survived 
fourteen centuries of strife, and remain to this day as 
monuments of the skill, the energy, and ability of the 
great Roman people. Fortunately, their works are more 
accessible than those of which I have spoken hitherto, and 
many of you are probably already familiar with them. 
Conquerors of the greater part of the civilised world, the 

♦ Ibid. 

i Agrigentum was a celebrated Greek city, founded B.C. 582, popu- 
lation 200,000 (DiodoruB, 406 B.C.), drained by Phceaz, who lived b.c. 
480. 

t Rawlinson'a "Five Ancient MonArchies,** vol. i., pp. 89, 90, 
second edltioQ. 



admirable organisation of the Romans enabled them to 
make good use of the unbounded resources which were at 
their disposal. Yet, while the capital was enriched, the 
development of the resources of the most distant provinces 
of the empire was never negleded. 

War, with all its attendant evils, has often indiredly 
benefitted mankind. In the long sieges which took place 
during the old wars of Greece and Rome, the inventive 
power of man was taxed to the utmost to provide 
machines for attack and defence. The ablest mathema- 
ticians and philosophers were pressed into the servicei and 
helped to turn the scale in favour of their employers. 
The world has to regret the loss of more than one, who, 
like Archimedes, fell slain by the soldiery while applying 
the best scientific knowledge of the day to devising means 
of defence during the siege.* In these days, too, science 
owes much to the labours of engineers and able men, 
whose time is spent in making and improving guns, the 
materials composing them, and armour plates to resist them, 
or in studying the motion of ships of war in a seaway. 

The necessity for roads and bridges for military pur- 
poses has led to their being made where the necessary 
stimulus from other causes was wanting ; and so means 
of communication, and the interchange of commodities, 
so essential to the prosperity of any community, have 
thus been provided. Such was the case under the Roman 
Empire. So, too, in later times, the ambition of Napoleon 
covered France and the countries subject to her with an 
admirable system of military roads. At the same time, 
we must do Napoleon the justice of saying that his genius 
and foresight gave a great impetus to the construdion of 
all works favourable to commercial progress. So, again, 
in this country, it was the rebellion of 17451 and the 
want felt of roads for military purposes, which first led 
to the construdtion of a system of roads in it unequalled 
since the time of the Roman occupation. And lastly, in 
India, in Germany, and in Russia, more than one example 
could be pointed out where industry will benefit by rail- 
ways which have originated in military precautions rather 
than in commercial requirements. 

But to return to Rome. Roads followed the tracks of 
her legions into the most distant provinces of the empire. 
Three hundred and seventy-two great roads are enumerated, 
together more than 48,000 miles in length, according to 
the itinerary of Antoninus. 

The water supply of Rome during the first century of 
our era would suffice for a population of seven millions, 
supplied at the rate at which the present population of 
London is supplied. This water was conveyed to Rome 
by nine aquedudls; and in later years the supply was in- 
creased by the construdlion of five more aqueduAs. 
Three of the old aquedudts have sufficed to supply the 
wants of the city in modern times. These aqueduds 
uf Rome are to be numbered among her grandest 
engineering works.f Time will not admit of my saying 
anything about her harbour works and bridges, her basi- 
licas and baths, and numerous other works in Europe, 
in Asia, and in Africa. Not only were these works 
executed in a substantial and perfed manner, but they 
were maintained by an efficient staff of men divided into 
bodies, each having their special duties to perform. The 
highest officers of state superintended the construdion of 
works, were proud to have their names associated vrith 
them, and construded extensive works at their own 
expense. 

Progress in Europe stopped with the fall of the 

Roman Empire. In the fourth and succeeding centuries 

the barbarian hordes of Western Asia, people who felt 

no want of roads and bridges, swept over Europe to 

I plunder and destroy. 

With the seventh century began the rise of the 
Mohammedan power, and a partial return to conditions 
apparently more favourable to the progress of industrial 

♦ Archimedes, B.C. 287-212 ; killed at the aiege of Syracuee by the 
Roman soldiers, 
t Total length 250 miles; jo on arches, aoo andergronnd. 
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art, wben widespread lands were again united under the 
sway of powerful rulers.* Science owes much to Arab 
scholars, who kept and handed on to us the knowledge 
acquired so slowly in ancient times, and much of which 
would have been lost but for them. Still, few useful 
works remain to mark the supremacy of the Mohammedan 
power at all comparable to those of the age which pre- 
ceded Its rise. 

A great building age began in Europe in the tenth 
century, and lasted through the thirteenth. It was during 
this period that these great ecclesiastical buildings were 
eredled, which are not more remarkable for artistic excel- 
lence than for boldness in design. 

While the building of cathedrals progressed on all sides 
in Europe, works of a utilitarian character, which concern 
the engineer, did not receive such encouragement, ex- 
cepting perhaps in Italy: 

From the twelfth to the thirteenth centuries, with the 
revival of the arts and sciences in the Italian republics, 
many important works were undertaken for the improve- 
ment of the rivers and harbours of Italy. In 1481 canal 
locks were first used ; and some of the earliest of which 
we have record were ereded by Leonardo da Vinci, who 
would be remembered as a skilful engineer had he not left 
other greater and more attractive works to claim the 
homage of postenty. 

The great use that has since been made of this simple 
means of transferring floating vessels from one water level 
to another, in connection not only with inland navigation, 
but in all the great ports and harbours of the world, ren- 
ders it all the more deserving of remark. 

In India, under the Moguls, irrigation works, for which 
they had a natural aptitude, were carried on during these 
centuries with vigour, and more than one emperor is 
noted for the numerous great works of this nature which 
he carried out. If the native records can be trusted, the 
number of hydraulic works undertaken by some rulers is 
surprising. Tradition relates that one king, who reigned 
in Orissa in the twelfth century, made one million tanks 
or reservoirs, besides building sixty temples, and eredting 
numerous other works. f 

In India, the frequent overflow of the great rivers, and 
the periodical drougnt8,which rendered irrigation necessary, 
led to extensive proteftive works being undertaken at an 
early period ; but as these works have been maintained by 
successive rulers, Mogul and Mohammedan, until recent 
times, and have not been left for our inspe<5tion, deserted 
and useless for 3000 years or more, as is often the case in 
E^ypt and Mesopotamia, there is more difficulty in ascer- 
taining the date of such works in India. 

Works of irrigation were among the earliest attempts 
at engineering undertaken by the least civilised inhabi- 
tants in all parts of the world. Even in Australia, where 
savages are found as low as any in the bcale of civilisation, 
traces of irrigation works have been found. These works, 
however, must be taken to show that the natives were 
once somewhat more civilised than we now find them. 
In Feejee, our new possession, the natives occasionally 
irrigate their land,| and have executed a work of a higher 
class, a canal some two miles long and sixty feet wide, 
to shorten the distance passed over by their canoes. || The 
natives of New Caledonia irrigate their fields with great 
skill. § In Peru, the Incas excelled in irrigation as in 
other great and useful works, and constructed most 
admirable underground conduits of masonry for the pur- 
pose of increasing the fertility of the land.H 
^ It is frequently easier to lead water where it is wanted 

• "Under the last of the house of Ommiyah (750 a.d.) one command 
was obeyed almost along the whole diameter of the known world, from 
the banks of the Sihon to the utmost promontory of Portueal."— 
Hallam's " Middl« Ages," vol. ii., p. 120, and edition. 

-f KingBhim Deo, A.D. 1174,60 temples, 10 bridges, 40 wells stone 
cased, 13a landing stairs, and one million tanks.— Hunter's " Orissa." 
vol. I., p. 100. ' 

I Ertkine'B " Western Pacific," p. 171. 
n Seeman, p. 82. 
I Erskine's' 
V Markham' 
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than to check its irruption into places where its pretence 
is an evil, often a disaster. For centuries the existence 
of a large part of Holland has been dependent on tke 
skill of man. How soon he began in that conntry to 
contest with the sea the possession of the land we do not 
know, but early in the twelfth century dykes were con- 
struded to keep back the ocean. As the prosperity of the 
countryincreased with the great extension of its commerce, 
and land became more valuable and necessary for an is* 
creasing population, very extensive works were undertakes. 
Land was reclaimed from the sea, canals were cat, tad 
machines were designed for lifting water. To the pradical 
knowledge acquired by the Dutch, whose method of 
carrying out hydraulic works is original and of native 
growth, much of the knowledge of the present day in eE> 
banking, and draining, and canal makiner is doe. The 
North Holland Canal* was the largest navigable canal is 
existence until the Suez Canal was completed ; and the 
Dutch have just now nearly ^nished making a sea casil 
from Amsterdam to the North Sea, which, though not 
equal to the Suez Canal in length, will be as great is 
width and depth, and involves perhaps larger and more 
important works of art. This country was for manyycsn 
beholden to the Dutch for help in carrying out hydranUc 
works. In the seventeenth century much fen land in the 
Eastern Counties was dra.ned by Dutch labour, direM 
by Dutch engineers, among whom Sir Cornelius Vermoydes, 
an old campaigner of the Thirty Years* War, and a coloDtl 
of horse under Cromwell, is the most noted. 

While the Dutch were acquiring pra(flical knowledp 
in dealing with water, and we in Britain, among othoi, 
were benefiting by their experience, the disastrous resslts 
which ensued from the inundations caused by the Italiio 
rivers of the Alps gave a new importance to the science 
of hydraulics. Some of the greatest philosopeers of the 
seventeenth century — among them Torricelli, a pnpil of 
Galileof — were called upon to advise and to superintend 
engineering works. Nor did they confine themselves to 
the construdlion of preventive works, but thoroaglj 
investigated the condition pertaining to fluids at rest or 
in motion, and gave to the world a valuable series of 
work on hydraulics and hydraulic engineering, which fons 
the basis of our knowledge of these subjeAs at the present 
day. 

Some of the best scientific works (prior to the nin^ 
teenth century) on engineering subjects we owe to Italiu 
and French writers. The writings of Belidor, an officer 
of artillery in France in the seventeenth century, who did 
not, however, confine himself to military subjeds, dreir 
attention to engineering question.^. Not long after their 
appearance the Fonts et Chaus^es^ were established, 
which has maintained ever since a body of able oea 
specially educated for, and devoted to, the prosecution of 
industrial works. 

The impulse given to road-maktng in the early part of 
the last century soon extended to canals and means for 
facilitating locomotion and transport generally. Traia- 
ways were used in connexion with mines at least as early 
as the middle of the seventeenth century, hut the rails 
were, in those days, of wood. The first iron rails are said 
to have been laid in this country as early as 1738 ; after 
which time their use was gradually extended, until it 
became general in mining distri^s. 

By the beginning of this century the great ports of 
England were connected by a system of canals ; and new 
harbour works became necessary, and were provided, to 
accommodate the increase of commerce and trade, which 
improved means of internal transport had rendered pos- 
sible. It was in the construdion of these works that our 
own Brindley and Smeaton, Telford and Rennie, and other 
engineers of their time, did so much^ 

But it was not until the steam-engine, improved and 
almost created by the illustrious Watt, becMne such s 

* North Holland Canal, finished in x8as* 
f Galileo, b. 1564; Torricelli, b. xffoB, 
t Fonts et Chausstes, eatablished 1720^ 
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potent instrument, that engineering works to the extent 
they have since been carried out became possible or 
necessary. It gave mankind no new faculty, but it 
at once set his other faculties on an eminence, from 
which the extent of his future operations became almost 
unlimited. 

Water-mills, wind-mills, and horse-machines were in 
most cases superseded. Deep mines, before only accessible 
by adirs and water levels, could at once be reached with 
ease and economy. Lakes and fens which, but for the 
steam-engine, would have been left untouched, were 
drained and cultivated. 

The slow and laborious toil of hands and fingers, bone 
and sinew, was turned to other employments, where, 
aided by ingenious mechanical contrivances, the produce 
of one pair of hands was multiplied a thousand-fold, and 
their cunning extended until results marvellous, if you 
consider them, were atttained. Since the time of Watt 
the steam-eneine has exerted a power, made conquests, 
and increased and multiplied the material interests of this 
globe to an extent which it is scarcely possible to realise. 

But while Watt has gained a world-wide, well-earned 
fame, the names of those men who have provided the 
machines to utilise the energies of the steam-engine are 
too often forgotten. Of their inventions the majority of 
mankind know little. They worked silently at home, in 
the mill, or in the fadlory, observed by few. Indeed, in 
mo^t cases these silent workers had no wish to expose 
their work to public gaze. Were it not so, the fa(Slory 
and the mill are not places where people go to take the 
air. How long in the silent night the inventors of these 
machines sat and pondered ; how often they had to cast 
aside some long sought mechanical movement and seek 
another and a better arangement of parts, none but them- 
selves could ever know. They were unseen workers, who 
succeeded by rare genius, long patience, and indomitable 
perseverance. 

More ingenuity and creative mechanical genius is per- 
haps displayed in machines used for the manufadure of 
textile fabrics than by those used in any other industry. It 
was not until late in historical times that the manufadure 
of such fabrics became established on a large scale in Europe. 
Although in China man was clothed in silk long ago, and 
although Confucius, in a work written 2300 years ago, 
orders with the greatest minuteness the rules to be observed 
in the produdion and manufadlure of silk, yet it was worth 
nearly its weight in gold in Europe in the time of Aurelian, 
whose empress had to forego the luxury of a silk gown on 
account of its cost.* Through Constantinople and Italy 
the manufadlure passed slowly westward, and was not 
established in France until the sixteenth century, and 
arrived at a still later period in this country. It is related 
that James V. had to borrow a pair of silk hose from the 
Earl of Mar, in order that he might not, as he expressed 
it, appear as a scrub before strangers. 

So cotton, of which the manufadlure in India dates from 
before historical times, had scarcely by the Christian Era 
reached Persia and Egypt. Spain in the tenth, and Italy in 
the fourteenth century manufadlured it, but Manchester, 
which is now the great metropolis of the trade, not until 
the latter half of the sevent^nth century. 

Linen was worn by the old Egyptians, and some of 
their linen mummy-cloths surpass in fineness any linen 
fabrics made in later days.f The Babylonians wore linen 
also, and wool, and obtained a widespread fame for skill 
in workmanship and beauty in design. 

In this country wool long formed the staple for cloth- 
ing. Silk was the first rival, but its costliness placed it 
beyond the reach of the many. To introduce a new 
material or improved machine into this or other countries 
a century or more ago was no light undertaking. Inven- 
tors, and would-be benefadlors, alike ran the risk of loss 
of life. Loud was the outcry made in the early part of 



* ManafaAure of silk brought from China to Constantinople 

0.522. 

i WlUdnsoa's " Ancient Egyptians j** Pliny, Book six., c. ii. 



the eighteenth century agai nst the introdudlion of Indian 
cottons and Dutch calicoes. 

Until 1738, in which year the improvements in spin- 
ning machmery were begun, each thread of worsted or 
cotton-wool had been spun between the fingers in this 
and all other countries. Wyatt, in 1738, invented spin- 
ning by rollers instead of fingers, and his invention was 
further improved by Arkwright. In 1770 Hargreaves 
patented the spinning jenny and Crompton the mule in 
1775, a machine which combined the advantages of the 
frames of both Hargreaves and Arkwright. In less than 
a century after the first invention by Wyatt, double mules 
were working in Manchester with over 2000 spindles. 
Improvements in machines for weaving were begun at an 
earlier date. In 1579 a ribbon loom is said to have been 
invented at Dantzic, by which from four to six pieces 
could be woven at one time, but the machine was des- 
troyed and the inventor lost his life.* In 1800 Jacquard*B 
most ingenious invention was brought into use, which, by 
a simple mechanical operation, determines the movements 
of the threads which form the pattern in weaving. But 
the greatest discovery in the art of weaving was wrought 
by Cartwright^s discovery of the power loom, which Ted 
eventually to the substitution of steam for manual labour, 
and enabled a boy with a steam loom to do fifteen times 
the work of a man with a hand loom. 

For complex ingenuity few machines will compare with 
those used in the manufadlure of lace and bobbin net. 
Hammond, in 1768, attempted to adapt the stocking 
frame to this manufadure, which had hitherto been con- 
dudled by hand. It remained for John Heathcoat to 
complete the adaptation in 1809, and to revolutionise this 
branch of industry, reducing the cost of its produce to 
one-fortieth of what the cost had been before Heathcoat's 
improvements were effedled. 

Most of these ingenious machines were in use before 
Watt's genius gave the world a new motive power in the 
steam-engine ; and, had the steam-engine never been 
perfedled, they would still have enormously increased the 
produdlive power of mankind. Water power was applied 
to many of them ; in the first silk-thread mill ereded at 
Derby in 1738, 318 million yards of silk thread were spun 
daily with one water-wheel. 

These are happier times for inventors: keen competition 
among manufadlurers does not let a good invention lie 
idle now. That which was rejeded by old machines as 
waste is now worked up into useful fabrics by new ones. 
From all parts of the world new produds come— jute 
from India, flax from New Zealand, and many others 
which demand new adaptations of old machines or new and 
untried mechanical arrangements to utilise them. Time 
would fail me if I were to attempt to enumerate one tithe 
of these rare combinations of mechanical skill ; and, in- 
deed, no one will ever appreciate the labour and supreme 
mental effort required for their construdlion who has not 
himself seen them and their wondrous achievements. 

Steamboats, the eledlric telegraph, and railways, are 
more within the cognisance of the world at large, and the 
progress that has been made in them in little more than 
one generation is better known and appreciated. 

It is not more than forty years since one of oar 
scientific men, and an able one too, declared at a meeting 
of this Association that no steamboat would ever cross 
the Atlantic; founding his statement on the impradic- 
ability, in his view, of a steamboat carrying su£Bcient 
coal, profitably, I presume, for the voyage. Yet, soon 
after this statement was made, the Sirius steamed 
from Bristol to New York in seventeen days,! and was 
soon followed by the Great Western which made the 
homeward passage in thirteen-and-a-half days ; and with 
these voyages the era of steamboats began. Like most 
important inventions, that of the steamboat was a long 
time in assuming a form capable of being profitably 
utilised ; and even when it had assumed suc h a form, the 

* Beckman's " History of InventioDS,** vol. it., p^ 59B. 

f First steamer crossed the Atlantic by itcsm alone ia xSjOl* 
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objections of commercial and scientific men had still to 
be overcome. 

Among the many names connedled with the early 
progress in the construdion of steamboats, perhaps none 
IS more worthy of remembrance than that of Patrick 
Miller, who, with the assistance of Symington, an 
engineer, and Taylor, who was his children*s tutor, con- 
struded a small steamboat. Shortly afterwards Lord 
Dundas, who saw the value of the application of steam 
for the propulsion of boats, had the first really practical 
steamboat constru<5ted with a view to using it on the 
Forth and Clyde Canal. The proprietors, however, 
objeded, and the boat lay idle. Again, another attempt 
to make practical use of the steamboat failed through the 
death of the Duke of Bridgewater, who, with his char- 
adleristic foresight, had seen the value of steam as a 
motive power for boats, and had determined to introduce 
steamboats on the canal which bears his name. 

The increase in the number of steamboats since the 
time when the Sirius first crossed the Atlantic has 
been very great. Whereas in 1814 the United Kingdom 
only possessed two steam vessels, of together 456 tons 
burden, in 1872 there were on the register of the United 
Kingdom 3662 . steam vessels, of which the registered 
tonnage amounted to over a million and a half of tons,* 
or to nearly half the whole steam tonnage of the world, 
which did not at that time greatly exceed three million 
tons. 

As the number of steamboats has largely increased, so 
also gradually has their size increased until it culminated 
in the hands of Brunei in the Great Eastern, 

A triumph of engineering skill in ship-building, the 
Great Eastern has not been commercially so success- 
ful. In this, as in many other engineering problems, the 
question is not how large a thing can be made, but how 
large, having regard to other circumstances, it is proper 
at the time to make it. 

If, as regards the dimensions of steamboats, we have 
at present somewhat overstepped the limits in the Great 
Eastern much still remains, to be done in perfeding the 
form of vessels, whether propelled by steam or driven by 
the force of the wind. A distinguished member of this 
Association, Mr. Froude, has now for some years devoted 
himself to investigations carried on with a view to ascer> 
tain the form of vessel which will offer rhe least resistance 
to the water through which it must pass. So many of us 
in these days are called upon to make journeys by sea as 
well as by land, that we can well appreciate the value of 
Mr. Froude's labours, so far as they tend to curtail the 
time which we must spend on our ocean journeys ; and 
we should all feel grateful to him if from another branch [ 
of his investigations, which relates to the rolling of ships, ' 
it should result that the movement in passenger vessels 
could be reduced. A gallant attempt in this diredion has 
lately been made by Mr. Bessemer ; whether a successful 
one yet remains to be proved. In any event, he and 
those who have aded with him deserve our praise for an 
experiment which must add to our knowledge. 

It is a question of vital importance to the steamboat 
that the consumption of fuel should be reduced to the 
smallest possible amount, inasmuch as each ton of fuel 
excludes a ton of cargo. 

As improvements in the form of the hull are cffcfted, 
less power — that is, less fuel — will be required to propel 
the vessel through the water for a given distance. Great 
as have been the improvements eflfeaed in marine engines 
to this end, much still remains to be done. Wolfs com- 
pound engine, so long overlooked, is, with some improve- 
ments, being at last applied. Whereas the consumption 
of fuel in such vessels as the Himalaya used to be 
from 5 to 6 lbs. of fuel per effedive horse-power, it has 
been reduced, by working steam more expansively in 
vessels of a later date, to 2 lbs. Yet, comparing this with 
the total amount of energy of 2 lbs. of coal, it will be 
found that not a tenth part of the power is obtained 

? Board of Trade Rcturnjuiy'i37x874i TablTs^ 



which that amount of coal would theoretically call intj 
a<5lion.* 

We live in an age when great discoveries are made,ani 
when they are speedily taken advantage of if they are 
likely to be of service to mankind. 

In former times, man's inventions were frequently ia 
advance of the age, and they were laid aside to await a 
happier era. There were in those earlier days too few 
persons who cared to, or who could, avail themselves of 
the proffered boon, and there was no sufficient accumula- 
tion of wealth to justify its being appropriated to schemes 
which are always in their early stage more or less specu- 
lative. 

There is no more remarkable instance of the rapid utili- 
sation of what was in the first instance regarded by moit 
men as a mere scientific idea, than the adoption and 
extension of the eleflric telegraph. 

Those who read Odier's letter written in 1773, in which 
he made known his idea of a telegraph which would enable 
the inhabitants of Europe to converse with the Emperor of 
Mogul, little thought that in less than a century a conver- 
sation between perse:*. -• at points so far di&tant would be 
possible. Still less did those who saw in the following 
year messages sent from one room to another by Lesagc 
in the presence of Friedrich of Prussia, realise that thejr 
had before them the germ of one of the most extraordi- 
nary inventions among the many that will render thii 
century famous. 

I should weary you were I to follow the slow steps hf 
which the eledtric telegraph of to-day was brought to its 
present state of efficiency. In the present century few 
years have passed without new workers appearing in the 
field ; some whose objedl was to utilise the new-found 
power for the benefit of mankind, others — and their worlc 
was not the least important in the end — whose obje^wasto 
investigate magnetism and eledlrical phenomena as |ffe- 
senting scientific problems still unsolved. Galvani, Volta, 
Oersted, Arago, Sturgeon, and Faraday, by their laboon, 
helped to make known the elements which rendered it 
possible to construd the eledric telegraph. With the 
battery, the eledric coil, and the eledlro-magnet, the ele- 
ments were complete, and it only remained for Sir Chariei 
Wheatstone and others to combine them in a usefol and 
pradically valuable form. The inventions of Alexander 
Stenheil, and those of similar nature to that of Sir Charles 
Wheatstone, were made known at a later date in the same 
year, which will ever be memorable in the annals of tele- 
graphy.f 

The first useful telegraph was constru<^ed upon the 

Blackwall Railway in 1838, Messrs. Wheatstone's and 

Cooke's instruments being employed. From that time to 

this the progress of the eledlric telegraph has been n 

rapid, that at the present time, including land lines and 

submarine cables, there are in use in different parts of the 

world not less th an 400,000 miles of telegraph. 

""♦ Therorctical Energy of i lb. of Coal :— 

I'he proportions of heat expended in generating saturated steam 
at 212** F., and at 147 lbs. pressure per square inch, from water 
at 212^ are : 



I. In the formation of steam .. 

II. In resisting the incumbent 

pressure of 147 lbs. per sq. 

inch.. 



Units 

of 
heat. 
892*8 



723 



Mechanical 

equivalent 

In foot-lbs. 

689,242 



55,815 



965* I 745.057 

One pound of Welsh coal will theoretically evaporate 25 lbs. 01 
water at 212° to steam at 212°. Therefore, the full tbeoreticd 
value of the combustion of a lbs. of Welsh coal ia 

2 X 15 X 745,057 foot-pounds, 
or 

a_ y 15 X 745.05,7 horse-power, if coatumed in i hour. 
60 X 33,000 

= 12*2 horse-power. 

As the consumption of coal per effe^ive horse-power ia a munm 
engine is 2 lbs., the power obtained is to the whole theoralMli 
power as 2 is to 22. 

f Dates of patents : Wheatstone, March x, 1837 : Alezaader, Afdl 
22, 2837; Steinheil, July 2, 2837; Morse, O^ob«r, x8i37« 
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Among the numerous inventions of late years, the auto- 
matic telegraph of Mr. Alexander Bain, of Dr. Werner 
Siemens, and of Sir Charles Wheatstone, are especially 
worthy of notice. Mr. Bain's machine is chiefly used in 
the United State?, that of Dr. Werner Siemens in Ger- 
many. In this country the machine invented by Sir 
Charles Wheatstone, to whom telegraphy owes so much, 
is chiefly employed. By his machine, after the message 
has been punched out in a paper ribbon by one machine on 
a system analogous to the dot and dash of Morse, the 
sequence of the currents requisite to transmit the message 
along the wire is automatically determined in a second 
niachine by this perforated ribbon. The second operation 
18 analogous to that by which in Jacquard's loom the 
motions of the threads requisite to produce the pattern is 
determined by perforated cards. By Wheatstone's ma- 
chine errors inseparable from manual labour are avoided ; 
and what is of even more importance in a commercial 
point of view, the time during which the wire is occupied 
in the transmission of a message is considerably dimin- 
ished. 

By the application of these automatic systems to tele- 
graphy, the speed of transmission has been wonderfully 
accelerated, being equal to 200 words a minute, that is, 
faster than a shorthand writer can transcribe ; and, in 
(slA, words can now be passed along the wires of land 
lines with a velocity greater than can be dealt with by the 
human agency at either end. 

Owing partly to the retarded eflfedls of indudlion and 
other causes, the speed of transmission by long submarine 
cables is much smaller. With the cable of 1858 only 2^ 
words per minute were got through. The average with the 
Atlantic cable, Dr. C. W. Siemens informs me, is now 17 
words, but 24 words per minute can be read. 

One of the most striking phenomena in telegraphy is 
that known as the duplex system, which enables messages 
to be sent from each end of the same wire at the same 
time. This simultaneous transmission from both ends of 
a wire was proposed in the early days of telegraphy, but, 
owing to imperfe(5l insulation, was not then found to be 
pradlicable ; but since then telegraphic wires have been 
belter insulated, and the system is now becoming of great 
utility, as it nearly doubles the capacity for work of every 
wire. 

And yet within how short a period of time has all the 
wonderful progress in telegraphy been achieved I How in- 
credulous the world a few years ago would have been if then 
told of the marvels which in so short a space of time were 
to be accomplished by its agency 1 

It is not long ago — 1823 — that Mr., now Sir Francis 
Ronalds, one of the early pioneers in this field of science, 
published a description of an eledtric telegraph. He com- 
municated his views to Lord Melville, and that nobleman 
was obliging enough to reply that the subjedt should be 
inquired into ; but before the nature of Sir Francis Ronalds's 
suggestions could be known, except to a few, that gentleman 
received a reply from Mr. Barrow, * that telegraphs of any 
kind were then wholly unnecessary, and that no other than 
the one then in use would be adopted ; ' the one then in 
use being the old semaphore, which, crowning the tops of 
the bills between London and Portsmouth, seemed perfec- 
tion to the Admiralty of that day. 

I am acquainted with some who, when the first Trans- 
atlantic cable was proposed, contributed towards that 
undertaking with the consciousness that it was only an 
experiment, and that subscribing to it was much the siame 
thing as throwing their money into the sea. Much of this 
cable was lost in the first attempt to lay it ; but its pro- 
moters, nothing daunted, made 900 miles more cable, and 
finally laid it successfully in the following year, 1858. 

The telegraphic system of the world comprises almost a 
complete girdle round the earth ; and it is probable that 
the missing link will be supplied by a cable between San 
Francisco in California and Yokohama in Japan. 

How resolute and courageous those who engaged in sub- 
marine telegraphy have been will appear from the faA that, 



though we have now 50.000 miles of cable in use, to get 
at this result nearly 70,000 miles were construdled and 
laid. This large percentage of failure, in the opinion of 
Dr. C. W. Siemens (to whom I am much indebted for in- 
formation on this subjedl), was partly due to the late in- 
trodudlion of testing a cable under water before it is laid, 
and to the use of too light iron sheathing. 

Of immense importance in connexion with the subse- 
quent extension of submarine cables have been the dis- 
coveries of Ohm and Sir William Thomson, and the 
knowledge obtained that the resistance in wire of homo- 
geneous metal is diredly proportional to the length, so 
that the place of a fault in a cable of many thousand 
miles in length can be ascertained with so much precision 
as to enable you to go at once to repair it, although the 
damaged cable may lie in some thousands of fathoms of 
water. 

Of railways the progress has been enormous ; but I do 
not know that in a scientific point of view a railway is so 
marvellous in its character as the eledtric telegraph. The 
results, however, of the construction and use of railways 
are more extensive and wide spread, and their utility and 
convenience brought home to a larger portion of mankind. 
It has come to pass, therefore, that the name of George 
Stephenson h^s been placed second only to that of James 
Watt ; and as men are and will be estimated by the ad- 
vantages which their labours confer on mankind, he will 
remain in that niche, unless indeed some greater luminary 
should arise to outshine him. The merit of George 
Stephenson consisted, among other things, in this, that he 
saw more clearly than any other engineer of his time the 
sort of thing that the world wanted, and that he persevered 
in despite of learned objectors with the firm convidion 
that he was right and they were wrong, and that there was 
within himself the power to demonstrate the accuracy of 
his convi<5lions. 

Railways are a subject on which I may (I hope without 
tiring you) speak somewhat more at length. The British 
Association is peripatetic, and without railways its meet- 
ings, if held at all, would, I fear, be greatly reduced in 
numbers. Moreover, you have all an interest in them : 
you all demand to be carried safely, and you insist on 
being carried fast. Besides, everybody understands, or 
thinks he understands, a railway, and therefore I shall be 
speaking on a subjed common to all of us, and shall pos- 
sibly only put before you ideas which others as well as 
myself have already entertained. 

We who live in these days of roads and railways, and 
can move with a fair degree of comfort, speed, and safety, 
almost where we will, can scarcely realise the state of 
England two centuries ago, when the years of opposition 
which preceded the era of coaches began ; when, as in 
1662, there were but six stages in all England, and John 
Crossdell, of the Chairterhouse, thought there were six too 
many ; when Sir Henry Herbert, a member of the House 
of Commons, could say, * If a man were to propose to 
carry us regularly to Edinburgh in coaches in seven days, 
and bring us back in seven more, should we not vote him 
to Bedlam ? 

In spite of short-sighted opposition, coaches made their 
way ; but it was not until a century later, in 1784 — and 
then I believe it was in this city of Bristol— that coaches 
were first established for the conveyance of mails. Those 
here who have experienced, as I have, what the dis- 
comforts were of long journeys inside the ':ld coaches, 
will agree with me that they were very j eat ; and I 
believe, if returns could be obtained of e accidents 
which happened to coaches, it would be l;iand that many 
more people were injured and killed in proportion to the 
number that travelled by that mode, than by the railways 
of to-day. 

No sooner had our ancestors settled down with what 
comfort was possible in their coaches, well satisfied that 
twelve miles an hour was the maximum speed to be ob- 
tained or that was desirable, than they were told that 
steam conveyance on iron railways would supersede their 
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* present pitiful ' methods of conveyance. Such was the 1 
opinion of Thomas Gray, the first promoter of railways, i 
who published his work on a general iron railway in 1819. 
Gray was looked on as little better than a madman. 

* When Gray first pruposed his great scheme to the pub- 
lic,* said Chevalier Wilson, in a letter to Sir Robert 
Peel in 1845, * people were disposed to treat it as an effusion 
of insanity.' I shall not enter on a history of the strug- 
gles which preceded the opening of the first railway. 
They were brought to a successful issue by the determi- 

' nation of a few able and far-seeing men. The names of 
Thomas Gray and Joseph Sandars, of William Jarnes and 
Edward Pease, should always be remembered in connec- 
tion with the early history of railways, for it was they 
who first made the nation familiar with the idea. There 
is no fear that the name of Stephenson will be forgotten, 
whose pradtical genius made the realisation of the idea 
possible. 

The Stockton and Darlington Railway was opened in 
1825, the Liverpool and Manchester Railway in 1830, and 
in the short time which has since elapsed, railways have 
been extended to every quarter of the globe. No nation 
possessing wealth and population can afford to be with- 
out them ; and though at present in different countries 
there is in the aggregate about 160,000 miles of railway. 
It is certain that in the course of a very few years this 
quantity, large as it is, will be very greatly exceeded. 

Railways add enormously to the national wealth. More 
than 25 years ago it was proved to the satisfaction of a 
committee of the House of Commons, from fadls and 
fiffures which I then adduced, that the Lancashire and 
Yorkshire Railway, of which I was the engineer, and 
which then formed the principal railway connection 
between the populous towns of Lancashire and Yorkshire, 
effeded a saving to the public using the railway of more 
than the whole amount of the dividend which was re- 
ceived by the proprietors. These calculations were based 
solely on the amount of traffic carried by the railway, and 
on the difference between the railway rate of charge and 
the charges by the modes of conveyance anterior to rail- 
ways. No credit whatever was taken for the saving of 
time, though in England pre-eminently time is money. 

Considering that railway charges on many items have 
been considerably reduced since that day, it may be safely 
assumed that the railways in the British Islands now 
produce, or rather save to the nation, a much larger sum 
annually than the gross amount of all the dividends pay- 
able to the proprietors, without at all taking into account 
the benefit arising from the saving in time. The benefits 
under that head defy calculation, and cannot with any ac- 
curacy be put into money ; but it would not be at all over- 
estimating this question to say that in time and money 
the nation gains at least what is equivalent to 10 per 
cent, on all the capital expended on railways. I do not 
urge this on the part of railway proprietors, for they did 
not embark in these undertakings with a view to the 
national gain, but for the expedled profit to themselves. 
Yet it is as well it should be noted, for railway proprietors 
appear sometimes by some people to be regarded in the 
light of public enemies. 

It follows from these fadts that whenever a railway can 
be made at a cost to yield the ordinary interest of money, 
it is in the national interest that it should be made. 
Further, that though its cost might be such as to leave a 
smaller dividend than that to its proprietors, the loss of 
wealth to so small a section of the community will be 
more than supplemented by the national gain, and there- 
fore there may be cases where a government may wisely 
contribute in some form to undertakings which, without 
such aid, would fail to obtain the necessary support. 

And so some countries, Russia for instance, to which 
improved means of transport are of vital importance, 
have wisely, in my opinion, caused lines to be made 
which, having regard to their own expenditure and 
receipts, would be unprofitable works, but in a national 
foint of view are, or speedily will be, highly advantageous. 



The Empire of Brazil also, which I have lately insited, 
is arriving at the conclusion, which I think not anuoinse 
one, that the State can afford and will be benefited in 
the end by guaranteeing 7 per cent, upon any railway that 
can of itself be shown to produce a net income of 4 per 
cent., on the assumption that the nation will be beoefiud 
at least to the extent of the difference. 

A question more important probably in the eyes of 
many — safety of railway travelling — may not be inappro- 
priate. At all events, it is well that the elements <m 
which it depends should be clearly understood. It viU 
he thought that longer experience in the management of 
railways should go to ensure greater safety, but there are 
other elements of the question which go to cottnteiad 
this in some degree. 

The safety of railway travelling depends on the perfec- 
tion of the machine in all its parts, including the wbok 
railway, with its movable plant, in that term ; it depeidi 
also on the nature and quantity of traffic, and lastly, on 
human care and attention. 

With regard to what is human, it may be said that so 
many of these accidents as arise from the fallibility of 
men will never be eliminated until the race be improved. 

The liability to accident will also increase with tbe 
speed, and might be reduced by slackening that speeL 
It increases with the extent and variety of the traffic oi 
the same line. The public, I fear, will rather ran tk 
risk than consent to be carried at a slower rate. Tbe 
increase in extent and variety of traffic is not likely to 
receive any diminution ; on the contrary, it is certaio to 
augment. 

I should be sorry to say that human care may not ds 
something, and I am not among those who objed to 
appeals through the press, and otherwise to railway com- 
panies, though sometimes perhaps they may appear ia 
an unreasonable form. I see no harm in men being ni|ed 
in every way to do their utmost in a matter so vittl to 
many. 

A question may arise whether, if the railways wtit h 
the hands of the Government, they could not be worked 
with greater safety. Government would not pay tbdr 
officers better, or perhaps so well as the companies ^ 
and it is doubtful whether they would succeed in sttnd- 
ing to the service abler men. They might do tbe wk 
with a smaller number of chief officers, for much of the 
time of the companies' managers is occupied in iatene* 
cine disputes. They might handle the traffic more dofO* 
tically, diminishing the number of trains, or the accom- 
modation afforded by them, or in other ways, to ismt 
more safety ; but would the public bear any cartatlsKot 
of convenience ? 

One thing they could, and perhaps would do. In 
where the traffic is varied, and could more safely be 
dudled with the aid of relief lines, which hold out nonrf' 
ficient inducement to the companies to make, theGovcft* 
ment, being content with a lower rate of interest, ori^ 
undertake to make them, though then comes the qociiiM 
whether, when the whole of this vast machine caiae tt 
depend for supplies on annual votes of Parliament, moaqr 
would be- forthcoming in greater abundance than it ii 
under the present system. 

But the consideration of this subjeA involves oikv 
and more difficult questions. 

Where are the labours of Government to stop ? Tk 
cares of State which cannot be avoided are already hcMTi 
and will grow heavier every year. Dockyard iiuMiifc 
ments are trifling to what the railway establisbaaMk 
which already employ 250,000 men, would be. Tit 
assumption of all the railways would bring 
into conflict with every passenger, every trader. 



merchant, and every manufadurer. MHitb tbe laM 
companies there would be no difficulty ; they wonii IP : 
their undertakings to anyone pnmded their pries 
ample. 

Looking at the vast growth of railway tndfe* 
measure occurs to me as condociTe to Ite safiety of 
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way passengers, and likely to be demanded some day : it 
is to construd between important places railways which 
should carry passengers only or coals only, or be set apart 
for some special separation of traffic ; though there will 
be some difficulty in accomplishing this. Landowners, 
through whose properties such lines would pass, would 
probably wish to use such lines for general purposes. 
Nevertheless; it may have to be tried some day. 

It would be instru(fltve, were it pradlicable, to compare 
the relative proportion of accidents by railway and by 
the old stage coaches, but no records that I am aware of 
exist of the latter that would enable such a comparison 
to be made. It is practicable to make some sort of com- 
parison between the accidents in the early days of our 
own railways and the accidents occurring at a later 
date. 

The Board of Trade have unfortunately abandoned the 
custom, which they adopted from 1852 to 1859, of return- 
ing the passenger mileage, which is given in the German 
returns, and is the proper basis upon which to found the 
proportion of accidents, and not on the number of pas- 
sengers without any regard to distance travelled, which 
has altered very much, the average journey per passenger 
being nearly half in 1873 what it was in 1846. 

It would be erroneous to compare the proportions of 
accidents to passengers carried in various years, even if 
the corred number of passengers travelling were given. 
But a figure is always omitted from the Board of Trade 
return, which makes the proportion of accidents to pas- 
sengers appeal larger than it is ; this is the number of 
journeys performed by season-ticket holders. Some esti- 
mate could be made of the journeys of season-ticket 
holders by dividing the receipts by an estimated average 
Dare, or the companies could make an approximate esti- 
mate, and the passenger mileage could be readily obtained 
by the railway companies from the tickets. These addi- 
tions would greatly add to the value of the railway 
returns as statistical documents, and render the deductions 
made from them correC^. 

Though it has been a work of labour, I have endeavoured 
to supply these deficiencies, and I believe the results ar- 
rived at may be taken as fairly accurate. 

From the figures so arrived at, it appears the passen- 
ger mileage has doubled between 1861 and 1873 ; and at 
the rate of increase between 1870 and 1873 it would 
become double what it was in 1873 in twelve years from 
that time, namely in 1885. 

The number of passengers has doubled between 1864 
and 1873, and at the rate of increase between 1870 and 
X873 it would become double what it was in 1873 in 
eleven- and-a-half years, or in 1885. 

It must, however, be remembered that the ra^e of 
increase since 1870, though very regular for 1871, 1872, 
and Z873, is greater than in previous years, being probably 
due to the rise of wages and the great development of 
third-class traffic, and it would not be safe to assume this 
rate of increase will continue. 

Supposing no improvement had been effetfled in the 
iBirorking of railway traffic, by the interlocking of points, 
the block system, &c., the increase of accidents should 
have borne some proportion to the passenger mileage, 
multiplied by the proportion between the train mileage 
and the length of line open, as the number of trains pas- 
sing over the same line of rails would tend to multiply 
accidents in an increasing proportion, especially where the 
trains run at different speeds. 

The number of accidents varies considerably from year 
to year, but, taking two averages of ten years each, it 
appears that the proportion of deaths of passengers from 
causes beyond their control to passenger miles travelled in 
the ten years ending December 31, 1873, was only two- 
thirds of the same proportion in the ten years ending 
December 31, z86z; the proportion of all accidents to 
passengers from causes beyond their own control was one- 
ninth more in the last ten years than in the earlier, whereas 



the frequency of trains had increased, on the average, one- 
fourth. 

The limit, however, of considerable improvements in 
signalling, increased brake power, &c., will probably be 
reached before long, and the increase of accidents will 
depend on the increase of traffic, together with the in- 
creased frequency of trains. 

The large growth of railway traffic, which we may 
assume will double in twenty years, will evidently greatly 
tax the resources of the railway companies; and unless the 
present companies increase the number of lines of way, as 
some have commenced to do, or new railways are made, 
the system of expeditious and safe railway travelling will 
be imperilled. Up to the present time, however, the im- 
provements in regulating the traffic appear to have kept 
pace with the increase of traffic and of speed, as the 
slight increase in the proportion of railway accidents to 
passenger miles is probably chiefly due to a larger number 
of trifling bruises being reported now than formerly. 

I believe it was a former President of the Board of Trade 
who said to an alarmed deputation, who waited upon him 
on the subjedl of railway traveling, that he thought he was 
safer in a railway carriage than anywhere else. 

If he gave any such opinion, he was not far wrong, as is 
sufficiently evident when it can be said that there is only one 
passenger injured in every four million miles travelled, or 
that, on an average, a person may travel 100,000 miles each 
year for forty years, and the chances be slightly in his 
favour of his not receiving the slightest injury. 

A pressing subjedt of the present time is the economy of 
fuel. Members of the British Association have not neg- 
ledled this momentous question. 

At the meeting held at Newcastle-on-Tyne in 1863, Sir 
William Armstrong sounded an alarm as to the proximate 
exhaustion of our coal-fields. 

Mr. Bramwell, when presiding over the Mechanical 
Se6ion at Brighton, drew attention to the waste of 
fuel. 

Dr. Siemens, in an able ledture he delivered by request 
of the Association to the operative classes at the meeting 
at Bradford, pointed out the waste of fuel in special branches 
of the iron trade, to which he has devoted so much atten- 
tion. 

He showed on that occasion that, in the ordinary re- 
heating furnace, the coal consumed did not produce the 
twentieth part of its theoretical effedl, and in melting steel 
in pots in the ordinary way not more than one-seventieth 
part ; in melting one ton of steel in pots about 2| tons of 
coke being consumed. Dr. Siemens further stated that, in 
his regenerative gas furnace, one ton of steel was melted 
with 12 cwts. of small coal. 

Mr. Lowthian Bell, who combines chemical knowledge 
with the pradlical experience of an ironmaster, in his 
Presidential address to the members of the Iron and Steel 
Institute in 1873, stated that, with the perfeA mode of 
withdrawing and utilising: the gases and the improvement 
in the furnaces adopted in the Cleveland distri<a, the 
present make of pig-iron in Cleveland is produced with 
3i million tons of coal less than would have been needed 
fifteen years ago ; this being equivalent to a saving of 45 per 
cent of the quantity formerly used. He shows, by figures 
with which he has favoured me, that the calorific power 
of the waste gases from the furnaces is sufficient for 
raising all the steam and heating all the air the furnaces 
require. 

It has already been stated that, by working steam more 
expansively, either in double or single engines, the con- 
sumption of fuel in improved modem engines compared 
with the older forms may be reduced to one-third. 

All these redudions still fall far short of the theoretical 
effedt of fuel which may be never reached. Mr. Lowthian 
Bell'o figures go to show that in the interior of the blast 
furnace, as improved in Cleveland, there is not much more 
to be done in reducing the consumption of fuel ; but 
much has already been done, and could the redudions 
now attainable, and all the information already acquired, 
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be universally applied, the saving in fuel would be enor- 
mous. 

How many open blast furnaces still belch forth flame 
and gas and smoke as uselessly, and with nearly as much 
mischief to the surrounding neighbourhood, as the fires of 
Etna or Vesuvius ? 

How many of the older and more extravagant forms of 
steam-engine still exist ? 

What is to be done with the intradable householder 
with the domestic hearth, where, without going to German 
stoves, but by using Galton's grates and other improve- 
ments, everything necessary both for comfort and con- 
venience could be as well attained with a much smaller 
consumption of coal ? 

If I have pointed out that we do not avail ourselves of 
more than a fractional part of the useful efledls of fuel, it 
is not that I exped we shall all at once mend our ways in 
this respedt. 

Many cases of waste arise from the existence of old and 
obsolete machines, of bad forms of furnaces, of wasteful 
grates, existing in most dwelling-houses ; and these are 
not to be remedied at once, for not everyone can afford, 
however desirable it mi<;ht be, to cast away the old and 
adopt the new. 

In looking uneasily to the future supply and cost of fuel, 
it is, however, something to know what may be done even 
with the application of our present knowledge ; and could 
we apply it universally to-day, all that is necessary for 
trade and comfort could probably be as well provided for 
by one-half the present consumption of fuel ; and it behoves 
those who are beginning to build new mills, new furnaces, 
new steamboats, or new houses, to adl as though the price 
of coal which obtained two years ago had been the normal, 
and not the abnormal price. 

There was in early years a battle of the gauges, and 
there is now a contest about guns ; but your time will not 
permit me to say much on their manufacture. 

Here, again, the progress made in a few years has been 
enormous; and in contribuiing.to it, two men, Sir William 
Armstrong and Sir Joseph Whitworth, both civil engineers, 
in this country at all events, deservedly stand foremost. 
The iron coil construdion of Sir William Armstrong has 
already produced remarkable and satisfadory results ; in 
discussing further possible improvements, the question is 
embarrassed by attempting to draw sharp lines between 
what is called steel and iron. 

There is nothing that I can see to limit the size of 
guns, except the tenacity and endurance of the metal, 
whatever we may choose to call it, of which they are to 
be made. 

Sir Joseph Whitworth, who has already done more than 
any other man in his department to secure good workman- 
ship, and whose ideal of perfedtion is ever expanding, has 
long been seeking, and not without success, by enormous 
compression, to increase those qualities in what he calls 
homogeneous metal. Make the metal good enough, and 
x:all it iron if you will, and the size of a gun may be any- 
thing: the mere construdtion and handnng of a gun of 
100 tons, or of far greater weight, with suitable mechanical 
appliances, presents no difficulty. 

Relying on the qualities of his compressed metal, Sir 
Joseph is now seeking, by a singular experiment, to limit 
the travel of the recoil, as far as practicable, to the elas- 
ticity of the metal. By attaching the muzzle of the gun 
to an outer casing, through which the force of the recoil is 
carried back to the trunnions, he proposes to avail himself 
of this elasticity to the extent of one-and-a-half times the 
length of the gun ; whether its elasticity alone in so short 
a space will suffice without other aid is, perhaps, doubtful ; 
but other aid may be applied, and the experiment, whether 
successful or not, will be interesting. 

Docks and harbours I have no time to mention, for it is 
time this long and, I fear, tedious address, should close. 

** Whence and whither" is an aphorism which leads us 
away from present and plainer objedts to those which are 
moie distant and obscure ; whether we look backwards or 



forwards, our vision is speedily arrested by an impenetrablt 
veil. 

On the subjedls I have chosen you will probably think 
I have travelled backwards far enough. I have dealt to 
some extent with the present. 

The retrospect, however, may be useful to show what 
great works were done in former ages. 

Some things have been better done than in those earlier 
times, but not all. 

In what we choose to call the ideal we do not surpass 
the ancients. Poets and painters and sculptors were as 
great in former times as now ; so, probably, were the 
mathematicians. 

In what depends on the accumulation of experience, we 
ought to excel our forerunners. Engineering depends 
largely on experience ; nevertheless, in future times when- 
ever difficulties shall arise or works have to be accom- 
plished for which there is no precedent, he who has to 
perform the duty may step forth from any of the walks d 
life, as engineers have not unfrequently hitherto done. 

The marvellous progress of the last two generatkxu 
should make everyone cautious of predi^ing the bitun. 
Of engineering works, however, it may be said that their 
practicability or impracticability is often determined br 
other elements than the inherent difficulty in the worts 
themselves. Greater works than any yet achieved rensain 
to be accomplished — not, perhaps, yet awhile. Socie^ 
may not yet require them ; the world could not at present 
afford to pay for them. 

The progress of engineering works, if we consider it, 
and the expenditure upon them, has already in our tine 
been prodigious. One hundred and sixty thousand miles 
of railway alone, put into figures at ;£'2o,ooo a mile, 
amounts to 3200 million pounds sterling ; add 400,000 
miles of telegraph at ;£'ioo a mile, and 100 millions moie 
for sea canals, docks, harbours, water and sanitary wods 
constructed in the same period, and we get the eoonnots 
sum of 3340 millions sterling expended in one geoeratios 
and a half on what may undoubtedly be called ate^ 
works. 

The wealth of nations may be impaired by expeoditsie 
on luxuries and war ; it cannot be diminished by ezpes- 
diture on works like these. 

As to the future, we know we cannot create a force; 
we can, and no doubt shall, greatly improve the ap{^- 
tion of those with which we are acquainted. Whit se 
called inventions can do no more than this; yet hov 
much every day is being done by new machines and ia- 
struments! 

The telescope expended our vision to distant mUi 
The spectroscope has far outstripped that instiumeot, bf 
extending our powers of analysis to regions as remote. 

Postal deliveries were and are great and able organisi* 
tions, but what are they to the telegraph ? 

Need we try to extend our vision into futurity farther? 
Our present knowledge, compared to what fs ankson 
even in physics, is infinitesimal. We may never dissoicr 
a new force — ^yet, who can tell ? 



DISTRIBUTION OF MAGNETISM IN BUNDLES 
OF VERY THIN PLATES OF FINITE 

LENGTH. 
By JULES JAMIN. 

My previous researches have had for their objed tk 
determination of, first the ** Distribution of Magnetia ■ 
a Thin Plate of Great or Infinite Length," * andthcB^ 
distribution in a bundle composed of several such plattti ' 
I now propose to study the general case in which ik 
bundle has a Jinite length /. 

* Electrical Nbws, vol. i., pages 16 sad e. 
f Elbctricax. NswSf voL L, p^gm y^ 
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I have already in some old experiments shown that if 
a plate of steel of infinite length is attached to the 
extremity of a magnet, a magnetic curve of the same 
name is developed so that > = A« A« -■* : a general law of 
the magnetic distribution in plates long enough to be 
considered as infinite. But, if the bar is limited to a 
length 2/, the equation becomes — 

or by replacing A„ and k^ by their vs^ues — 



-A^=$r( 



i-k 



VT' 



c-\-bc 
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This formula has been completely verified by a very 
great number of experiments. It sums up the properties 
of magnetic bundles composed of very thin plates. It 
enables one to construdb with certainty magnets contain- 
ing a given quantity of magnetism or possessing a given 
strength at their extremity. It enables one to calculate 
the position of the poles, and the magnetic moment ; it 
points out the magnet limit, and gives, in a word, the 
means of calculating all the questions which are to be 
met with in the use of magnets. 



ON STATICAL ELECTRICITY AND SUPERFICIAL 

TENSION OF LIQUIDS. 



In a memoir recently published, M. Vander Mensbrugghe 
inquires if statical eledlricity produces, like heat, varia- 
tions in the contradile force of liquids. In the first part 
he gives a resume of researches, preceding his own, which 
have treated of the relation of static eledricity, if not 
to superficial tension, at least to the cohesion of liquids, 
ivhich is intimately conne<5led with the contradlile force. 
He finds only two conclusions distindly enunciated ; the 
first by Erman and by M. Brunner, according to which 
static eledricity exerts no adron on the cohesion of a 
liquid; the second, affirmed by M. Plateau, that capillary 
forces do not undergo sensible diminution under the 
influence of eledlricity. From this it should follow that 
the tension oi a good conducing liquid remains the same 
whether the liquid be eledrified or not ; and this is the 
conclusion to which the author is led by his experiments 
(described in the second part of the memoir), of which 
the following are the most important : — 

A bubble of glycerine liquid, 6 to 8 centimetres in 
diameter, is deposited on an iron ring about 2 centimetres 
radius, supported on three feet, and placed below and at 
about 20 centimetres distance from the condudlor of an 
eledric machine. When the latter is eledlrified, one 
observes the effeAs that have been described by M. 
Cauderay in the case of soap bubbles ; the liquid sheet 
elongates in the vertical dire(5ticn, the curvature increases 
at the upper part, and decreases towards the base ; and 
the more so as the charge becomes stronger. It is 
evident that then the quantity of eledlricity developed is 
greater at the summit than near the base of the film ; 
consequently, if the eledlric fluid has an effedl on the 
superficial tension, it is at the summit that the variation 
of this force will be most pronounced. Now, one does 
not observe in the film, either rapid descent of the liquid 
or attradlion of the lower parts ol the bubble towards the 
top ; the colours appear in their usual way, even when a 
very strong charge is given to the conduAor. The effedts, 
then, are just as if the bubbles were forced mechanically 
to take the form describe^; an4 (hi^WQitld pot alter th^ir 
tension J 



In order to see if the eledlric fluid would modify the 
contradlile force of a full liquid mass, the author procured 
a U-tube of glass, the two branches of which were 12 
centimetres in length ; the internal diameter of the one 
was 10 m.m., that of the other only i m.m. Having 
dried the tube carefully, and well moistened the internal 
walls, he poured in a quantity of distilled water. In the 
narrow branch the column of water rose to about 27 m.m. 
above the level of the water in the wide branch. By 
eledlrification of the liquid in the latter, he did not pro- 
duce, apparently, the least displacement of the column, 
even with very intense eledlric charges ; whence he 
inferred that the eledlricity did not cause the tension of 
the liquid to vary. 

If, instead of using a liquid of imperfedl condudlivity, 
the experiment be made with mercury, the effedl is the 
same, there is no change through eledlrification. 

Rigorously (M. Van der Mensbrugghe says) these fadls 
might not appear conclusive ; for if we eledlrjfy the water 
about the capillary tube, the tension, and consequently 
the molecular pressure due to the superficial layer of 
distilled water, might be altered without the capillary 
column diminishing in height. This was the result of 
the following experiment by M. Duclaux : — A thin layer 
of alcohol or oil is poured on the water surrounding a 
capillary tube, and no change is observed in the height of 
the column raised. To refute this objedion M. 
Mensbrugghe first endeavours to show that M. Dudaux's 
experiment may be easily explained by means of Laplace's 
theory properly interpreted ; then that in the case of 
eledlrification of water, the conclusion previously stated is 
the most legitimate one. 

He thought it interesting to ascertain if static eledlri- 
city would influence the equilibrium of a liquid column 
suspended in a tube, the internal diameter of which was 
near the maximum limiting value determined by M. 
Duclaux. This physicist repeated before him one of his 
experiments with a tube 19*14 m.m. internal diameter ; it 
chanced that the stability of the column was very weak, 
notwithstanding the difference- in value between its 
diameter and the maximum value realisable, 19*85 m.m. 
The tube was closed at its upper end by a cork covered 
with gum-lac ; this cork was traversed by a copper rod 
terminating without in a small ball, and prolonged into 
the interior of the tube to about 7 m.m. of the open 
sedlion ; the whole of the apparatus serving as support 
was insulated. 

Immediately the liquid column was suspended, the 
author removed all neighbouring condudlors which might 
have a disturbing adlion, and then connedled the copper 
rod with the condudlor of the eledlric machine. Not- 
withstanding the eledlrification, the weak stability of the 
column was perfedlly preserved ; but if any good con- 
dudlor was brought near the terminal liquid layer, this 
was sufficient to make the water flow at once. 

En resume f it follows from my experiments that the 
superficial tension, either of a film, or of a full mass, of 
good condudling liquid, is not modified by static eledlri- 
city. 

But this conclusion includes implicitly another con- 
sequence which seems to- me important. It is that static 
eledlricity, instead of being expanded in the interior of 
the extreme layer of good cofududling bodies, is found, on 
the contrary, entirely exterior, and simply applied against 
the limiting surface of these bodies. Indeed, if, as is 
commonly believed, the eledlricity had its s^at in the 
interior of the superficial layer of a good condudling 
liquid, how are we to suppose that the repulsive forces 
a^ing between the same molecules charged with the 
same eledlricity would not diminish the tension of the 
superficial layer ? seeing it has been proved that this 
tension is modified by the slightest causes, such as a very 
small elevation of temperature. Besides, the mathe- 
matical theory of eledlrostatics leads us to conceive of 
eledlric layers distributed in condudlors, as being exterior 
to the surfa(;e of these, but immediately applied to th^m. 
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NOTE ON SCHWENDLER'S DUPLEX. 

By A. EDEN. 



PNEUMATIC RELAY TELEGRAPHS FOR 
LONG DISTANCES. 



r %« T u .. « »-^^ ^- Pneumatic tubes having proved sienally important in a 

At paragraph 13 of Mr. Johnston's commumca on on ^^^^^^j^, ;„( ^^ view, and the demind for them in- 
the above subjefl,' that gentleman states that "in all l^ engineers are beginning to enqoiie 

°:'lV.^"j:^:'l.t'!rh^rJl^Z^'^±i^^^^^^^ whethef the^cinnotle profitably w\ked For longe?di. 

tances than heretofore. The system has sho^*n itself a 



rent at one station disturbs, invariably, the balance at the 
other station, and therefore if balance in any one station 
has once been disturbed, it can be regained only by succes- 
sive adjustments in both stations.*' 

Experience certainly does not verify this statement. If 
a station's artificial line resistance (cither on the differen- 
tial or bridge principle) is altered for adjusting purposes, 
its effedt on the distant station is praAically nil. 

Even in telegraphic circles an impression prevails to the 
contrary, but experiments will confirm the statement just 
made. 

The resistance (R) required at Station A is (on the dif- 
ferential principle) R of line -|- R of one coil of Station 
B's apparatus + joint R of B's sending battery, and arti- 
ficial line 4- R of second coil of B's instrument, the alter- 
nation of the greater R in the joint resistance referred to, 
produces very little difference at Station A, and if not 
proportionately a very great alteration does not produce 

any eflcdt whatever. 

Suppose line and one coil of Station 

B's apparatus = R 1000 

B's artificial line =R 1200 
B's second relay coil = R 200 
B's sending battery =R 200 

the R required by A would be — 

1 200 + 200 X 200 . 

.__._ T .- — -1-1000 = 1175 

1200-} 200 + 200 

A redudiion of B's artifical lina to 800 will reduce R re- 
quired at A to 1167 only (negledting fra^ions.) An 
increase of B's resistance to 1600 would raise A's required 
R to 1 180 only. 

Neitherof these changes would probably be appreciable 
at Ai so that pradically no change at one station, which 
would not upset their own balance would produce any 
efiedt at the distant station beyond increasing or decreas- 
ing to a slight extent the defledlion produced. 

In duplexing, of course, Station A's current does not 
actually pass through Station B's instrument, but the 
resistance given is that which is necessary to efTedt 
balance at station A. 

Paragraph 15 refers to a disposition of transmitting 
key, which was used by Stearns in 1873, when his appara- 
tus was forwarded to this country, and provision is made 
in duplex circuits in the United Kingdom for the discon- 
necting interval alluded to. 

Paragraphs 16 to 23 might be taken for a description of 
the single current duplexes in use here, and the arrange- 
ment referred to in Par. 27 has been adopted in this 
country since 1873. Mr. Stearfis, indeed, adjusted his 
bridge system by altering thi; ratios of the arms as here 
proposed. 

In Par. 28* it is recorded, *' For duplex working about 
four times the battery power employed for single working 
is lequircd." 

In this country with lines inferior in insulation, and 
subje^ to considerable variation, the duplex sending 
power is never more than 50 per cent, above the ordinary 
power required for single working. 

Whatever may be the merits of Mr. Schwendler's sys- 
tem, it cannot lay claim to novelty on any ground except 
the resistance proportions laid down in Paragraph 5. 



* EtacTKiCAt News, vol. i., pp. 7^, 89. 



most valuable auxiliary to telegraphy ; and the probability 
of its still further increasing in importance in this branch 
of the Service induces us to give an abstra<^ of a paper 
by M. Crcspin, " On the PraAicability of Probtably 
Working Tubes for Long Distances." The paper was 
read before the Paris Society of Civil Engineers in June 
last. 

As far back as 1810 the idea of using atmospheric 
pressure as a means of conveying goods, &c., from one 
spot to another, was entertained by Medhurst, a Danish 
engineer, who was followed at a later date by an Engli^ 
engineer, advocating the same mode of transit, and em- 
ploying for the purpose wooden tubes 6 feet in diametd^. 
A long interval elapsed before a fresh start was made to 
establish a pneumatic line. From 1834 ^o 1865 numeroos 
suggestions were made, and, though they all appear to 
have failed in themselves, they undoubtedly proved 
stepping-stones to the attainment of greater rcsolts. 
Among the schemers were — an American eogifleer, 
Pinkus ; Clegg and Samuda, Englishmen ; Halleitc 
d'Arras ; Hcdiard and Amollet ; Zambaux ; Mallat ami 
Cralle, and others, who endeavoured to petfeA the valves, 
which constituted the chief difficulty to be overcome. 
The most successful of the above inventors were Clegf 
and Samuda, who contrived a leathern valve which z&td 
with sufficient regularity to enable them to effe^ transpoft 
by air pressure : their system lasted fourteen years, until 
1852, when it was abandoned for a better one, invented 
six years earlier, viz., in 1846. 

The inventors of this more perfed^ arrangement were 
Clark.and Varley. They adopted a method analogoas to 
that of Clegg and Samuda. 

According to the Abbe Moigno, Ador made, in 1852. 
the first experiment of transmitting despatches by pressuc 
of air, at the park of Monceau. 

During the year 1854, Clark, in England, and Galy 
Cazelat, in France, took out a patent for a system of 
transmitting to a distance parcels and letters in tin tnhes. 
Clark established, at the same time, at the central static* 
in Telegraph Street, some short tubes worked in twoii- 
redlions, by means of a vacuum and pressure. This ii the 
first instance we know of where pressure and vacuum fittt 
employed to drive forward and suck back the carrier. 

A few years later — viz., in 1863 — Varley completed 
Clark's improvement by adding a new S3'stem of valves of 
great value. 

Lastly, in 1865, Siemens and Halske introduced tobes 
of a novel construdion. For instance, a complete cifctk 
formed by two tubes running side by side, joined at ok 
end, and conneded with the piston end. One pipe entered 
the piston at the upper, the other at the lower end ; and 
by that means a current of air continually traversed the 
tube in one diredion, sudtion and pressure aiding tiam- 
port in the same direction. The pneumatic systems d 
Messrs. Clark and Varley, and Messrs. Siemens aind Hahhe 
(with trifling improvements from other sources), aieMV 
the systems in use. 

Mr. Sabine, according to Engineering^ in 1874* 
eluded that the most economical results in 
pneumatic tubes ** will be found (t) from the empKiymcit 
of an entire 2jt inch lead system; (2) the pressoretbat 
suited for working are 10 lbs. pressure, 6} 11m. iracnaifv 
all lengths ; (3) engine-power required — 150 horse-povo^ 
of which not more than 30 per cent may be used ia iiHr-' 
nal fridtion, &c., the remainder providing about Z200 oMc 
feet of compressed air and 2000 cubic feet of nicfisiiit 
per minute," From ^pptb^r WUFW WC leant tM Af 
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pressure in Clarices system may reach nearly 15 lbs. if 
necessary; but from a point of view of theoretical useful 
effedt, and diminution of loss of air, ii is preferable to em- 
ploy weak pressures rather than those of high tension. 

As far as has been estimated, from theoretical calcula- 
tions, it is reckoned that the maximum that can be adopted 
with Clark's system of tubes, for pressure as the driving 
force, is 245 yards per horse-power ; for suction as the 
drawing force, lyg yards. In practice various resistances 
must be taken into account, such as those arising for 
twists and turnings in the tube, which reduce the above 
figures by about 10 per cent. 

Now it is evident that these limits are small, and become 
speedily inadequate as the demand for the pneumatic- 
conveying method increases. To a certain extent, from 
being purely an auxiliary to telegraphy, the system has 
entered into a brisk competition with it — competition in 
which, under certain conditions, it proves itself a powerful 
rival. One of the conditions is ** short distances,'* where 
eledricity becomes surpassed by this mode of transit of 
slower speed, but far greater transmitting capacity. To 
make this clearer, take the case of a wire 1000 yards long. 
The wire successively transmits the messages at the rate 
of 40 an hour ; but the tube will carry 100 despatches in 
one minute. This likewise indicates how the advantage 
of pneumatic telegraphs diminishes as the number of 
messages lessens, and also in proportion as the distance 
between the two stations increases. Hence a distance is 
soon attained when the wire asserts its superiority over 
the tube. 

Such being thj case, Mr. Crespin enquires under what 
conditions the lengths of tube can be profitably worked, 
in excess of the limit hitherto assigned, in order to increase 
the efficiency of moderately long distances of pneumatic 
telegraphy over voltaic telegraphy. 

After explaining that the difference of pressure between 
the engine current and that of the atmosphere, represented 
by H — /i,* blows the carrier along, whilst h — H sucks the 
carrier back again to its former position, the writer refers 
to the question which forms the subjedl of his communi- 
cation, by first asking — ^^ What are the laws approximately 
governing the movement of carriers in pneun»atic tubes ? " 

Experiment," he says, '* shows that the law observed in 
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the flow of liquids can, without too much error, be applied 
to the flow of air in tubes. Calling R the resistance to 
movement, I length, x perimeter, u speed, and B two co- 
efficients, the approximate formula of the flow of liquid 
is R = /:r(AM-|-BM»J ; and negledling the term in which the 
speed is of the first degree, the formula becomes 
R^Blxu*. The force which propels the carriers being 
equal to H — h multiplied by the sedion S, the formula 
assumes the altered form of {li — h)S—Blxu* ; and when 
S IS a circle — 



H-;.=8.^^Jil,or«=A,/iiii: 

D VI 



h)D 



This shows that 1/, the speed, varies as the roots of all the 
conditions upon which the system is established, — diredly 
for pressures and diameter, indire<5lly for length, — and 
experience has established the corre<5tness of the formula. 
Our study has reference to making a line, /, of as great 
a length as possible ; and it therefore behoves us to 
examine successively the influence of each of the forces 
or dimensions in the above formula. First, as to the 
difference of motive pressure. The formula shows that if 
we increase in the same proportion (H — /t) and /, we ob- 
tain a constant speed. Unfortunately this simple solution 
is impossible; for pradlical means at our disposal do not 
admit of the compression of air at a sufficiently low cost 
price, beyond a certain extent — from about one effeAive 
atmosphere to two at the most. The second quantity in 
the formula is the diameter, which it is of course possible 
to increase ; and if, therefore, we increase it in the same 
proportion as the length, a constant speed is maintained. 
This plan also is inapplicable on the score of expense,— 
^ H cqus) ^Ofsioe pressure, and h that of the ordiqary atmosphere. 



because it would lead to the laying down of very large 
tubes, between far distant points, where traffic might be 
small ; and because the cost of working a tube of in- 
creased dimensions augments very rapidly with the 
diameter — much faster than the square of the diameter. 
In laying a pneumatic line the only consideration to be 
taken into account in fixing the diameter of the tube is 
the amount of traffic to be created. A little thought will 
easily convince that it is not necessary to exceed a sed^ion 
which at first sight appears extremely small, in order to 
carry all possible increase of business, for a very large 
number of carriers can be passed through the tubes at a 
rapid rate. 

Since pressure and diameter have been shown to have 
but very narrow limits, let us examine the influence of 
length itself. 

The first researches on this subjedl date from 1857, and 
were made by Mr. Latimer Clark, who laid down the 
question of the necessity for a special mechanical 
arrangement whereby lines of a length relatively great 
could be worked by interposing a kind of vent-hole, which 
a special mechanism would close at the moment of the 
carriers' passage when traversing the line by pressure ; 
and would be opened when sudlion was employed. Such 
an apparatus was devised by Mr. Sabine in i860. 

It consists of a valve regulated (by means of a handle- 
bar) by a sort of copper or india-rubber diaphragm upon 
which the pressure or suAion of the centrad station adls 
by a special tube. This diaphragm, when pressure is 
used, opens the valve, and the air escaping by the vent- 
hole enables the carrier to clear the first sedion, as if the . 
line was only as long as from the commencement to the 
vent-hole. Diredly the carrier passes this vent-hole it 
detaches the valve from the handle-bar which joins it to 
the diaphragm ; under the adlion of a spring the valve 
closes, and the carrier proceeds into the second sedion 
with the speed of a line e<^ual in length to the first two 
sedions, and so on. An inverse adtion takes place when 
the motive force is sudion. 

The following Table contains the effedls of this 
apparatus in a hypothetical line often sedlions: — 

Number Time of Passage Total Period of the Journey . ^^,.^00 

of the 
two Times. 

per cent. 
lyo 
254 
30*3 
337 
357 
376 
388 

39-8 
40*6 

On inspeding the Table it is seen that the advantage 
ever increases in proportion as the line lengthens. This 
advantage, which is 17 per cent for two sedions, rises to 
40 per cent for ten sections. The remedy is, however, far 
from being radical, for though it allows the line to be 
lengthened, a limit must evidently soon be reached. 

The solution of the problem is thus far unsolved. Mr. 
Crespin has invented an instrument which he calls a 
relay ; its function is to replace an operator, who, 
placed in circumstances about to be described, would have 
to perform the following duties : — 

Long pneumatic lines have been usually divided into 
setflions of about 1000 yards. Each of these sections is 
supplied with reservoirs, in which compressed air is stored 
up : it having pressure and volume sufficient to serve the 
section. The duty of the operator is to attend to the 
carrier, which is sent (lim by letting t)ie escapement of 
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air take place freely through the extremity of the seftion. | Th 

At the inetant when the carrier clears the space Ecparating furni 

arrival line from the departure line, he cloacs behind it roo i 

the departure line, and opens a stopcock communicating af ir 

with the rfservoir of compressed air, which drives it ' mere 

through the following seflion of the line. He also keeps ibov 

:k open until communicated with by the operator 40 c< 
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■ infori 



!, worked regularly I 
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Such an appatatuE , 
for some months in France. 1 ne escapement 01 air iook 
place in front of the relay, through a piece of tube per. 
rotated in every diredlion, and affording a passage equal 
to twice the se>!lian of the tine. The closure of the line 
behind the carrier, and communication with the com- 
pressed air, was effe^ed by a sort of trigger upon which 
the carrier aified as soon as it cleared the relay. The 
period of " blowing " was measured with a piston raised 
in n cylinder by means of the inner pressure; the law of 
this ascension being regulated by counter pressure in 
such a manner that the " blowing " lasted as long as the 
desired time. Direflly the carrier reached its destination 
or entered into the continuing aeaion, the pressure in the 
line fell, and the piston dropped. 

The objeflion to the apparatus was iis susceptibility. 
It encloses a delicate valve to close the line, and if a 
foreign body even partially opposes its working, the relay [ In addi 



:re now remains but to examine the speed of a lire 
hed with these relay instruments. Let the line tw 
i.m. diameter, the suftion- pressure be 50 cenlimctics 
:rcury, and the driving pressure be 76 centimetres of 
iry. The comparison will be made between a line li 
and the Parisian net-work, where a pressure of 
itimetres of mercury gives a speed of ao metres 1 
d in a line 1000 metres long and 65 m.m. diameter. 
; increase in diameter will augment the speed 
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= 85 metres per second- 



lideratlon (h.tl the line is constantly emptyof 
air will reduce the friftion- length of the seaioos of tooo 
metres to a mean of 600 metres maximum ; for, on cnteiiDg 
each of the sections, i.e., at the moment when the inia 
clears the pressure relay, no column of air follows it,oii!r 
at the end the column of air-attains a length of looo metrrs. 
If exhaustion were absolute, the mean length of the frtftiga 
column would be 500 metres. This diminution of the 
ftiflion column gives a further increase of speed in the p!^^ 
portion of— 



^1 



= 33 



xa5=34- 



s per second. 



becomes itself an obstacle to the efficiency of the ii 

To remedy this state of things it was necessary to 
•upprese the valve, which, after the description just given, 
appeared to be the chief piece of the instrument. It 
could not be suppressed unless the escapement were sup- 
pressed ; and the escapement could only be abolished 
at the expense of the counter pressure. This 
series of observations led to a projeifl which has com- 
pletely solved Ihe question. The line is of double t^&& ; 
by means of special apparatus which are really relays, it 
is constantly maintained empty of air, and consequently, 
the more compression, Ihe more valves in the pressure 

The line, which we will suppose of il limited length, is 
escorted by two secondary pipes uniting with the suflion 
and pressure reservoirs designed to supply the relays placed 
at convenient spots on Ihe line. 

These relays are of two kinds. Those whose objefl is 
to empty the line of air are placed at distances of 5 kilo- 
metres in those cases where ih: line will be traversed by 
carriers spaced by a quarter of an hour's interval. They 
are, moreover, extremely simple ; a piston rising in a 
cylinder carries with it a valve closing the line and a slide 
opening the exhausting reservoirs. The piston is raised on 
the passage of a carrier by the aftion of the counter- 
pressure which follows it ; it closes the line behind it, and 
immediately begins the exhaustion of the sei^ion just 
traversed. The valve borne by this relay is not subje^ lo 
any of the inconveniences met with in (hose first invented. 
The pressure relays are distant from eich other 1 kilo- 
metre, and are simple "blowers," being opened on the 
carrier's passage, and blowing all the time the carrier is in 
their sections. They are merely formed of a piston carry- 
ing a counterpoise ailing against a slide. The air enters 
the line through a kind of lantern [{anUtne\ studded with 
holes having twice the seflion of the line ; and notice for 
blowing is given by the carrier itself, which, striking 
detent, causes a counterpoise placed upon the piston an 
commanding the slide 10 fall. The blowing is instant; 
nenus. It is suspended by the regulating piston's aflioi 
which closes the communication to line, and confine 
compressed air in a small chamber placed between thi 
closer and slide. The effefl of this compressed air at ih 
moment when the pressure is lost in the line, i.e., when 
the carrier has cleared the scflion, is to lift up the pi 
fldting upon the slide and to put it in position for the nrriv.il 
of the next carrier. This apparatus, which is the soul 
cf ihc new system, is extremely simple and needs nc 
supervision. It is accompanied by a reservoir uf com. 
ptaiMd air aufBcient to Ber%'e its bei^ion, 



e of pressures, which is likewise ulbe 



from the diflere 
I proportion of thi 
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This speed is enormous, and probably might create in- 
I conveniences. The observation of trains proceedingnnitr 
analogous conditions, with speeds of jo to 50 metro, hai 
i shown that these speeds are praflically quite admissible in 
regular working. It is only necessary to have ■ materijl 
I extremely solid, and so arranged as to wear itself out witi- 
■ out wearing out the line ; this hai been provided fcr br 
I furnishing the rubbing parts of the carrieri with a mncb 
softer metal than that of the line. 

Pneumatic relay lines will certainly eventually betooi 
valuable communicating engines for corre«ponitei>ce« at 
distant spots. The facility with which trains or cifticn 
may be multiplied on lines without conBiderable expenie), 
the rapidity with which they are capable of progiesBa;. 
will render them grand systems if applied to the poilil 
service, for their speed of translation is triple that of Ike 
most rapid locomotive, if stoppages on railways are talai 



ConstruiHion of Light ning-ConduifloTB for Elec 
trie Telegraphs — M. I^haack.— The ordinary airipp- 
menls are objeflionahle on account of compleiil; (nd 
consequent danger), uncertainty, expense, and the bd 
that when e.g. the opposed cones get fused together by Ik 
lightning, repairs cannot be done by the person ^t 
works the apparatus. &c. M. Schaack's arrangemeDl ii 
briefly as follows:— On the two long sides of a tin cm 
(about 10 cm. square seflion), at the top, are fixed nni» 
sulating wooden bars which carry binding screws C indC 
C is conneifted with the line ; and from C a wire pitM 
through the telegraph apparatus and to the outiide of ibe 
case, which is connefled with earth. The screwsareC» 
neifled together by a loosely wound spiral of Genua 
silver wire, the silk covering of which hu been [npii 
several times through a caoutchouc solution. TheOMit 
filled three-fourths with water. When lipihtniag cntcn 
the line, the spiral, with its thin coating, offers it anealll 
direfl path through the water to earth. The wlndiDptt 
like ihe points of a cone, &c., in other ■rraDgeotML 
The spiral is either fused, or it* envelope burst thra^i 
and in both cases, Ibe way la the apparatus iibiticiM' 
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direaiy to earth. After At 
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HISTORY OF MAGNETOINDUCTION MACHINES 

WITH UNINTERRUPTED CURRENT OF 

INVARIABLE DIRECTION.* 

(Concluded from page 88). 

" Pacinotti also obtained an uninterrupted current of 
unvarying diredion, when, during the rotation of the 
transversal elediro-magnet, he brought near it the opposite 
poles of two permanent magnets, or magnetised the fixed 
eledro-magnet with a current ; the former he denotes as 
preferable. The same machine can be employed as well 
for transformation of the eledric current into mechanical 
work, as for that of work into eledricity.*' 

Before the magneto-indudion machine invented by 
Pacinotti (with a rmg-formed core in the induction bobbin, 
rotating between two magnetic poles] had found any 
application, Dr. Werner Siemen«, starting from the fad 
that every eledro-magnetic machine produces in itself a 
contrary current increasing in strength with increased 
velocity of rotation, was led by theoretical considerations 
to the ** dynamo-elcdric principle," which, in recent 
times, through its application to machines with ring- 
shaped core, has proved of the highest significance for 
these also. When the mechanician, H. Wilde, in Man- 
et. ester, in the spring of 1866, had construded a magneto- 
eledric machine of surprising adion, in which two of the 
cylinder indudors invented by Siemens in 1856 were 
employed, and in such a way that the one furnished with 
steel magnets was used only for continual magnetisation 
of the inducing eledromagnet of the other, he might have 
made himself quite independent of the unreliable adion 
of the steel magnets, if he had used the current of the 
second indudor for magnetisation of the first. Wilde, 
however, did not reach this idea. On the other hand, 
Siemens experimented in December, 1866, before several 
Berlin physicists, with a one cylinc'er machine made 
according to the dynamo-eledric principle, and without 
any steel magnets. In the beginning of 1867, Siemens 
read to the Berlin Academy, at its sitting of January 17, 
a paper (given in the leports for 1867, pp. 55-38) in which 
he shows how the currents induced by an eledro-magnet 
can be utilised in strengthening the magnetism of the 
eledro-magnet, and thereby again in strengthening the 
following induced current ; that therefore even the small 
quantity of magnetism residual in the softest iron, is 
sufficient to produce an indudion current of very quickly \ 
increasing strength. To the Paris Exhibition of .1867, 
Siemens and Halske sent a smaller and a larger one- 
cylinder dynamo-eledric machine, while a large two- 
cylinder machine commenced in January, 1867, was not 
ready in time for the exhibition. Ladd, on the other 
hand, had, in May, 1867, sent the first completed two- 
. cylinder dynamo-eledric machine to the Exhibition in 
Paris. Both Wheatstone and Ladd used (in their 
dynamo>eledric machines) the cylinder indudor of Dr. 
Siemens. The Siemens' machines have found extensive 
application in firinp" of mine chambers, and in bell-ringing 
mechanism. 

As the dynamo-eledric machine occupied the attention 
of the Royal Society in London, before which, on 
February 14, 1867, Dr. William Siemens exhibited and also 
read a paper on a small machine made in London, and 
also Prof. Wheatstone explained the construdion of his 
machine, whereas it was on March 14, 1867, that Ladd 
made his first communication to the Society on his 
machine, the new magneto-indudion machines also came 
into notice in the Pans Academy (Comftes Rendus, 1868) 
in which Gaiffe proposed to improve the Siemens machine, 
by replacing the two eledro-magnets on one axis, used by 
Ladd, with one eledro-magnet, having two bobbins near 
one another; an improvement, the priority of which 
Ruhmkorff claimed for Dr. Schellen. In France, how- 
ever, where the Nuovo C itmnto it not unknown, and 

" ^ Atatnuftofrtctnt paper by i*rof.2etMcbe. Commttnicatedbytbe 
Anthor. 



where also Dr. Pacinotti, in a purely epistolary com- 
munication, made some extrads from his paper in 1865, 
when on his way to Paris, Z. T. Gramme gave the first 
incitement to replacing the permanent magnets ading on 
the transversal eledro-magnet in Pacinotti's machine, by 
eledro-magnets excited by the current of the machine 
itself, and so to the application of the eledro-dynamic 
principle to th;it transversal eledro-magnet. In this sense 
Gramme's machine is called (as Alfred Niaudet Breguet 
does in the most recent publication upon it — Paris, 1875") 
"la premiere de son esp^ce." Gramme made the first 
communication to the Paris Academy on his machine at 
the seance of July 17, 1871 ; in this he himself says: 
** The horseshoe steel magnets used as exciters, might 
be replaced by eledro-magnets, which in the known way 
might themselves be magnetised by a branch current of 
the machine ; thus at the first, the remanent magnetism 
of the eledro-magnet would induce only a weak current 
in the indudion bobbin with massive ring-formed core, 
but the machine would soon come to its full force.** 
The machine then exhibited to the Academy contained 
two eledro-magnets with four poles ading on the ring 
core, and four rollers receiving the current ; two of the 
latter send half of the current through the eledro- 
magnets, while the two others furnish the current that is 
to be utilised outside. Each pair of rollers receiving a 
current runs on insulated radial brass strips at the ends 
of the diameter of the ring at right angles to the con- 
neding line of the eledro-magnetic poles, and to these 
brass strips the wire loops are soldered, which conned 
two neighbouring portions of the indudion bobbin. 

Dr. Pacinotti, in a letter to the secretary of the French 
Academy, dated August 20, 1871 (Comptes Rindus), 
asserts his priority with ref;:rence to the transversal 
eledro-magnet rotating between the poles of the eledro- 
magnet. and points to the fad that his machine, made in 
i860, is still to be seen in the Cabinet of Technological 
Physics of the University of Pisa. Pacinotti also 
exhibited his machine in Vienna in 1873 (see Official 
General Catalogue), and received the progress medal 
for it. 

In his second communication to the Paris Academy on 
his machine, on December 2, 1872, Gramnae takes no 
notice of Pacinotti's claim of priority; and this calls forth 
remonstrance from Pacinotti in Nuovo Cimento (Serie II., 
vol. ix.), in which he also maintains that the name 
seleded by Gramme (in his second paper) for the eledro- 
magnet with ring-formed core, *• eledro-aimant mobile a 



magnet witn nng-tormea core, ** eiectro-aimam mooiie a 
poles consequents,** is much less suitable than the older 
name, ♦* elettro-calamita trasversale.*' Niaudet Breguet 




nng." urammes merits in tne pra< 
working out of the machines in question, and their intro- 
dudion into technics, physical laboratories, and medicine, 
remain, naturally, undisputed. 

[Dr. Zetzsche next notices some of the recent improve- 
ments in Gramme*s machine, as described in M. Kiaifdejfc 
Breguet's pamphlet, which we have reviewed at p. 3* bf 
the Elbctrical News. Omitting some points there 
sufficiently detailed, we note the following others :— ] 

In the more recent Gramme machines for eledrp- 
typing work, an automatic current breaker {brise courant) 
is introduced, to ad in case, through any stoppage of the 
machine, a secondary current from the bath might fievers^ 
the poles of the exciting eledro-ma|;net, of which tn0 
consequence would be that the machine, when again^ii| 
in adion, would produce a current with diredion Cbntmjr 
to the previous one, and so dissolve again the alfi^a^ 
precipitated silver, &c. This current breaker it a simple 
lever with counterpoise which conneds the metjUUt^ 




magnets, the counterpoise moves the current breaker ixH 
interrupts that connedion. 
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For other purposes, Gramme decomposes the rinfj- 
formed eledro-magnet into two, by bringing out the 
connedling wires of the thiity odd numbered bobbins on 
the right, and those of the thirty even numbered on the 
left, and arranges brushes for both. By means of a 
commutator, both these halves of the machine may be 
arranged along with each other, or one behind the other. 
This arrangement Gramme employs especially in pro- 
ducing the eledric light, so as to be able to obtain the 
light only at one place, or at two different places, as 
required. 

Such a double ring can be utilised in a peculiar way, 
if it be made nnsymmctricaly i.e.^ if the even bobbins be 
made with fine fire, and the odd with thick wire. If the 
current of 2 Bunsen elements be then seni through the 
thick wire of this ring placed between the poles of a 
magnet (as shown in a figure), the ring begins to move, 
and thereby, in the bobbins of fine wire, a current of 
16 Bunsen (or about 30 Danicrll) elements is induced. 
Gramme shows, in his third note to the Paris Academy, 
that this current can be used for telegraphing. 

The most recent magneto-indudlion machine with un- 
interrupted current of unvaried diredlion and strength was 
. proposed, in March 1872, by Friedr. v. Hefner Altcneck, 
diredor of Siemens and Halske's construdlion depart- 
ment, and several different sized examples of it were 
exhibited in Vi»fnna in 1873. Two of the smaller kind 
were, there, in Siemens and Halske's exhibition in the 
Palace of Industry, and a larger one in the Machinery 
Hall. Another, conne(5ltd with an older Siemens machine 
with I-shaped armature was mounted, for illuminating 
purposes, on a locomotive, and arranged for field use ; 
the two were conncdled together so that the current 
furnished by the smaller magnetised the eledro-magnet 
of the larger. This double machine gave a light intensity 
equal to 2000 normal candle?, and by means of it the 
central cupola of the Palace of Industry was illuminated. 
In the Hefner machine, the wire-coils are so arranged 
that without prejudice to the powerful adlion of the 
magnet poles on the windings which serve as indudlion 
bobbins, their length, and therewith their internal resist- 
ance, is made as small as possible, and (should it prove 
advantageous) the indudion bobbin can be made to rotate 
alone, while the iron core remains fixed.-, By this latter 
method the occurrence of P'oucault currents in the interior 
of an iron armature, of any form, rotating between 
magnet poles may be avoided. These cunents indicate 
a useless ex'penditure of work, and add to the heating of 
the machine. - Such heating can be obviated, whereas 
the heating from currents that are made useful is 
unavoidable, and at the same time keeps the efficiency 
of the machine within certain limits. In order to 
the end stated, the wire is not • immediately coiled 
round the iron core, but on a thin sheet-iron drum 
or shell enclosing it, but quite separate from it. Each 
individual winding runs on the curved surface of the drum 
parallel to its axis, but on the flat surface along a diameter 
of this surface ; thus the windings cross each other group- 
wise on the flat surface. The whole surface of the drum 
is thus covered with windings, which are in eight divisions 
or groups. The whole forms a closed hollow cylinder. The 
sixteen ends of the eight wire divisions are brought to an 
eight part disc-shaped commutator, on which, at two oppo- 
site points, run t\vo contaA rollers, or brushes. 1 he core 
within the windings is a massive or hollow iron piece, and , 
is supported by two bars which pass through at the two 
ends of the drum. Outside of the hollow cylinder, lastly, 
and extending round it laterally about two-thirds, are the 
external magnet-poles, and they are as near as possible to 
the cylinder, so that between them and the core there is no 
greater interval than is necessary to allow the wire coils 
to pass round freely. Through the peculiar arrangement, 
in which those sixteen wire ends are connedted with the 
eip;bt severs of the commutator, which also runs round 
with the coil, the current, originally changing its diredion 
in the coil divisions after each half passage round of the 



coil, is transformed to one having always the same diredion' 
and condudled away by the rollers or brushes to th* 
external circuit. Apart from the advantage of a fix^d 
core, already noticed, this machine is essentially superior 
to Pacinotti's in that, as the inoperative portions of 
windings filling the interior of the Pacinotti ring-shapcJ 
core is done away with. 

In conclusion, it may, however, be mentioned that in i 
recent paper to Nuovo Cimento (Sept. and Odl., Heft 1874) 
Pacinotti says the ring in his ele^ro-xnagnetic machior, 
if turned backwards, will furnish a current, which 
strengthens the magnetism of the exciting eledro- 
magnet, and that, therefore, the battery-current maybe 
quite dispensed with : that, further, it is well to make the 
interior hollow part of the ring as small as possible, bat 
better to leave quite out the inner portions of the coil, and 
replace the ring with a massive core ; only the conneiion 
between the external portions of coil must not thereby be 
disturbed ; so the wire must be wound in a pecoiiir 
manner (as in a clew).' Pacinotti made a model of such a 
machine ; applied to its commutator,' besides the ordinary 
current colledlois. and about 15* fronl these, another pair 
of brushes of brass wire, to adt as current colledors for 
the external current, while the current from the fonnrr 
was employed in excitation of the horseshoe eledro- 
magnet. Pacinotti has thus come to the same mode «f 
winding as V. Hefner Alteneck already used in 1872; bd 
of a fixture of the core, he appears not to have thoagbt. 



NOTES. 



Sir John Hawkshaw, in his Presidential Address 10 the 
Members of the British Association, now assembled at 
Bristol, makes some remarks on the share of Govrra- 
ments in public undertakings, which, though diredlr 
referring to the construdion and maintenance of railways, 
apply in their spirit just as well to ele&ric telegraphs. He 
says: — ** And so some countries, Russia for instance, to 
which improved means of transport are of vital impoitancf, 
have wisely, in my opinion, caused lines to be vjAa 
which, having regard to their own expenditure and rf- 
ceipts, would be unprofitable works, but in a national 
point of view are — or speedily will be — highly advan- 
tageous. The Empire of Brazil also, which I havelatchr 
visited, is arriving at the conclusion — ^which I think not 
an unwise one— that the State can afford and will be 
benefited in the end by guaranteeing 7 per cent uponanj 
railway that can of itself be shown to produce 1 nd 
income of 4 per cent, on the assumption that the natioB 
will be benefited at least to the extent of the difference.' 
Now all this, we believe, applies with equal force to tele- 
graphs.' Improved means of communication, like in- 
proved facilities for transport, increase the wealth of a 
nation. If, in the carrying them out, some proximite 
loss is experienced, that loss is only apparent, and waj 
more justly be undertaken by the State than by a norabcr 
of private individuals. The aims of a national telegra^ 
and of a private or proprietary telegraph are, in one im- 
portant point, totally distindl. The first seeks to iSkd 
the greatest possible convenience to the public, thoagb of 
course at the least practicable expense; the latter ai0> 
simply at making the greatest possible amount of ptoit 
by the transmission of messages. These two ends, H 

• » • • • ^ 

every one will see, are not identical, and their divenKy 
may cause very considerable difference in the means ca* 
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ployed. Private enterprise is admirable where it is 
checked by competition, and where it does not involve 
the handing over of power to individuals or companies. 
But where these conditions are reversed — as in case of 
telegraphs, water and gas supply, &c. — it ought to be su- 
perseded by national or municipal adiion. Were the 
telegraphs re-committed to private hands, one of the first 
steps would be the closing of a number of branches occa- 
sionally very important to the public, but which, as yet, 
do not prove remunerative. 

Mr. Scudamore has, according to the Civilian^ com- 
muted his pension for the sum of ;£*! 1,000. He will, after 
having enjoyed a little repose on the Continent during the 
autumn, enter upon his new duties in Constantinople. 
The vacancy caused by his retirement is not likely to be 
filled up. A series of papers by Mr. Scudamore, recently 
contributed to the Standard under the nom de plume of 
*' The Sleepless Man," will, we understand, be shortly 
published in a colle(^ed form by Messrs. Griffith and 
Farran. 



NOTICES OF BOOKS. 



Protection of Life and Property from Lightning during 
Thunderstorms. By W. McGregor, Bedford: W.J. 
Robinson. 1875. 

Such suggestions as are contained in this pamphlet aie 
much needed, for the cases in which buildings are pro- 
tedied by lightning conductors are rare. 

Chapter I. is taken up with an explanation of the 
different kinds of lightning. Chapter II. dwells upon the 
*• Theory Regarding the AAion of Points and Lightning 
Rods.'' Chapter III. embraces "Protedive Area of 
Lightning ConduAors : " an unsettled and much mooted 
problem. Chapters IV. and V. *' Practical Hints Resped- 
ing the Eredion of Condudlors.". Chapters VI. and VII. 
conclude the pamphlet with general instrudions of pre- 
cautions to be observed, &c., during thunderstorms. 

The author is energetic in his advocacy of the use of 
sharp points to the tips of all conductors in preference to 
blunt ends. The objetfl of the pamphlet being to instrudt 
unscientific readers, this advocacy is good — otherwise the 
controversy of sharp tips v, blunt ends, needed no discus- 
sion, the superiority of the former being everywhere 
acknowledged. 

Regarding the limit of protective area, the author has 
done service in collecting some of the opinions of scientific 
men on this subject. It is one which deserves special 
inquiry, as it forms a condition which, unless satisfied, 
may entirely vitiate the protective effeCt of a sound 
lightning rod, so that if either of the two essential condi- 
tions (sound structure and good earth connections, and 
limit of .prpteCtive.area) are not fulfilled simultaneously, 
the strudure is robbed of its capacity for usefulness. 
Two rather novel propositions are given. The first is 
, that *• fire insurance companies might, have greater force 
than scientific truths in compelling people to adopt pre- 
cautions'to prevent destruction and damage by lightning." 
The seconcf is a hint how to prote^ the lives of animals 
by " attaching rods to tall trees in the neighbourhood of 
farms ; and also to tall flag-staffs, where trees may not 
be available ; such, for instance, as meadows and grazing 
Jands." 

We trust that Mr. McGregor will see the principles he 
lias laboured to expound aded upon by the general 
.^public* 
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Comptes Rendus Hebdomadaires des Seances de V Academic 
des Sciences. Vol. Ixxxi., No. 6, August 9, 1875. 

On a Peculiarity of a Surface of Electrified Water. 
— By G. Lippmann. — A mass of water in a glass vase is 
put to earth through a platinum wire. If a rubbed stick 
of resin approach the water, positive eledricity from the 
soil is attracted, and distributes itself over the surface of 
the water. The plantinum wire, serving as an entry-elec- 
trode to the positive eledricity, bubbles of oxygen gas are 
disengaged, proportional in quantity to the eledricity. 
Since oxygen has been liberated, hydrogen remains in 
excess on the surface of the water in some manner latent 
or bound during the time the water is electrified ; but 
when the discharge is accomplished, the hydrogen is dis- 
engaged. To effect this discharge, it suffices to withdraw 
the stick of resin. The charge retained by it flows back 
to earth through the plantinum wire. Indeed, according 
to Faraday's law, the same quantity of eledricity, which, 
entering the water, disengages one equivalent of oxygen, 
leaving the water, disengages one equivalent of hydrogen. 
We cannot take away any portion of the hidden or latent 
hydrogen, neither by diffusion, oxidation, nor any physical 
or chemical aCtion, leaving the eleCtric charge intaCt. In 
other terms, the hydrogen is neither combined nor dis- 
solved ; and yet it is really there since it is disengaged by 
removing the stick of resin : here we have, it seems, an 
example of another order of material combination. The 
h ydrogen is entirely retained at the surface of the water; 
for we can replace any portion whatever of the interior 
mass of water by air, and provided we do not change the 
surface, the eleCtric surface does not change. 



yonrnal Telcgraphique. Vol. iii., No. 7, July 25, 1875. 

Eledtric Vote-Registers (Jacquin's System.) — An 
account of this system will appear in an early number. 

Colour- V^riting Apparatus for Transmission by 
the •• Repose Current."— G. Ilasler. — When we trans- 
mit a message with the ** working-current," the signs are 
made upon the paper-band when the armature is attracted 
towards the magnet. With the *• repose current," on the 
contrary, they are traced when it is separated from the 
magnet. To transform the ordinary Morse instrument 
into a *' repose-current" one, a second lever with two arms 
has been frequently used, one of which arms carries the 
pen, whilst the other is joined, under the form of a hinge, 
to the lever of the armature. This system, though pos- 
sessing the advantage of being able to transform the 
instrument at will from one kind to the other, possesses, 
however, this inconvenience, that the adjunction of an 
auxiliary lever weakens the sensibility of the apparatus, 
and renders its "setting" more difficult. In Bavaria the 
use of this auxiliary lever has been avoided by adopting 
the armature to an arm of the writing-lever, which 
descends perpendicularly, and by submitting it to the 
action of a magnet placed horizontally. 

Construction of Lightning Conductors for 
Telegraphic Lines. — F. Schaack. 

Moniteur Industriel Beige y Nos. 48 and 49, July 10 and 20, 

1875. 
Pneumatic Relay Telegraphs of Great Lengths.— 
M. A. Crespin. — See page no. 

Vol. ii., No. 50. August i, 1875. 
Preservation of Timber by Copper Salts.— 
M. Rottier.^Ia course of traoilatiooi 
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JulUlia de la Socitti d'EnrouragtmtHl. 
Ho. i8. Jt.ii« 1875. 

Contains do papen on cleiaiicai lubjeflt. 
No. 19, July, 187s. 

EleAric Apparatus prcaeiited by M. Pescbiena.— 
Report by Count du Moncel. — Some of ibeie instru' 
menlt are divided by M. Liaii, DireAor of the Imperial 
Obiervatoty of Brazil, vii :— [l.[ An EUelro-Chroiiomtlric 
Itigulator. Without attempting ■ full deacription we 
may Itate that the interruptions of the current art elTiArd 
under a bell jar filled with hydrogen, and on a mercury 
■urface ; tbtii obviating oxidation of the interrupter. The 
mecbamcal a&ion working the interrupter and the pendu- 
liim is by a free escapement, which the pendulum only 
toocbcs at each double oicillatioD juat when passing thi 
veitical. Thii escapement liberatea a lever, solicited by 1 
weight; which lever givet an impulsion to the pendulum, 

d also, before atopping, a£tt on a special beim, working | 



the interrupter ; the latter then causes an eledro-magnet 
to be excited, which replace* the impelling lever in its 
former position and rcalorea the eicapement. The beam 
of the interrupter returni of itself to its normal position ; 
to that everything is in poailion again for the next move' 
ment of the pendulum in the lame direiflion. (2.) An 
EUclro-ChraiioautrU Counltr (indicating on a dial the 
movcnicnis of the regulative pendulum). — To avoid the 
failure of contads, M. Liais uses a massive pendulum, of 
annealed iron, afied on by an eledro- magnet, so that if 
the contaa should fail the dial train may not be afie^ed ; 
since the oscillation of the pendulum continuing all the 
■ame.the escapement always afla. Further, aa the eledlro- 
magnetic aSion is only enedivc at the extreme point* of 
the oscillations, the numerous con t a As sometimes pro- 
duced, resulting from certain trepidations of the appara- 
tus, have no effed on the counter; as also the irregulari- 
ties of velocity of the pendulum ilself, which cannot quit 
the extreme point of its oscillation except when the cur- 
rent has ceaied to pass through the eleflro- magnet, (].] 
Electric Chronegrafh. — This i* an improvement on one 
made by M. Liais twenty years ago for the Paris Obser- 
vatory. The regiatrstion is not on a paper-coveted cylin- 
der, but on a paper sheet fixed on a horiionlal circular 
plate; and the tracings are made in two spiral line* from 
circumference to centre. Thus a great number of indica- 
tions can be made on one sheet, and the sheets can be 
easily kept in a portfolio. The cord of the motor is wound 
round a fusee, 10 that the turns of the plate may differ 
little from each other for the *ame interval of lime. The 
two tracing styles are kept constantly pointed by the very 
faft of friaion on the paper. The rotation of the plale 
turns a pulley, covered with a caoutchouc ring, which rests 
on it : and this turns two other pulley* with which the 
styles are conncAed, so that the latter are turned also ~ 
a continuous and regular manner. To obtain greater 
preciaion, copper points are sometime* uied in place of 
the pencils, and the paper ia prepared wiih zinc-white. 
(Some other improvements in detail are mentioned.) 
Among M. Deschien's own instruments is a system of 
dial telegraph, in which the regulation of the eteiSro- 
magnetic aAion is effefled in a double manner (by the 
tension of an antagonitlic spring, and by the distance, 
greater or less, of the armature from the magnetic core*}, 
by means of a double button placed in front of the appara- 
tus, under the dial. This button corresponds to a hollow 
sti* which envelopes a solid axis ; the former has a 
helical groove in which catche* a mother screw filled to 
the antagonistic spring of the armature ; the other, termi- 
nated by a screw, and worked exteriorly by means of a 
key which one introduces into the centre of the button, 
moves the iron of the elefiro-magnet, and the plale-fotm 
on which it is mounted. This arrangement it very conve- 
nient in praflice. 

No. 10. 
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Tkb lodia-Subber, Gutta-Percha, and Tdegrapfa Worb 
Company have received a Idcgram from Ur. Gray ttaliaj 
that the Arica Iquique Sefiion of their West Comi of 
South America cables, about 100 miles lone, has ben 
succettfully completed. The total length Taid 00 the 
coast of Peru is now about S60 miles. 

The Report of the Submarioe Telegraph Companrfa 
the half-year ended the 30th June last, which was mtafui 
at the meeting on the ajth insl., states the orditulr 
receipts at ;£'54.i2z. This has enabled the diredonta 
declare a dividend at the rate of ij} per cent, and to tii 
jfjiji to reserve, carrying £ii$ forward. A sm rf 
^(12,552, obtained from the Pott Office, has been ^ady 
all spent in laying 20 miles of new cable between Boilitj 
Gap and Dieppe. 

The estimated traffic receipts of the Anglo-Americis 
Telegraph Company for the iSth intt. were ;(iiyi; fcr 
the 19th, ;£i3]o; for the 20lh,.£i45o; for the 3ist,/i3y)i 
for the 22nd, £160 ; for the 13rd, ^^1150- 

The thirty-sixth ordinary meeting; of the Mediterraaoa 
Extension Telegraph Company, I.iiniied, wa« beM oa 
the 25th insl. The Direaors' Report, which was caniti 
stated that the Board have much pleasure in statii^ lb)l 
the cables and land-lines of the Company continue b 
perfefi working order, and they were criabled to iiiiw 
mend payment of the half-yearly dividend on the ei{k 
nt preference stock, less income-tax, as usual; ut 
ividend at the rate of 3 per cent per annum, hcof 
E-tai, on the ordinary share capital of the CoaipaDy, 
payable on anJ afler September I- There will taauif « 
turn ot £soo 13s. 4d. to be carried to the reserrt fiw', 
which will then stand at ;f 7848 7B. 7d, Mr. H. Hbsi, 
the chairman, in moving the usual formal retotntioofa 
the adoption of the report, said the receipts were ak« 
the same as last half-year, whilst the eapcndhnn wm 
about /loo less, although they had hnd during tkal dw 
to supply n— ■ ■ -- 
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Since the day when Electricity was first disco- 
vered, until now, its vast importance and its 
high destinies have grown upon the human 
mind. Fresh phases of its power, fresh results, 
new means of obtaining and governing its 
a(5lion, and multiplied ends to which it may be 
turned, have constantly discovered them- 
selves ; till to-day it stands out as one of the 
grandest subjecSls presented to the scientific and 
practical world for investigation and research. 
Perhaps, however, no other Science or Art 
has exhibited so extraordinary a concurrence 
of anomalies. It is at once the most ter- 
rible monster and the most humble and 
obedient servant , its acflion is at one moment 
beneficial, at the next destrudlive ; its range is 
boundless, yet it may be ** cabined, cribbed, 
confined " at ease ; it is everywhere present, 
while its nature is only imperfecflly understood ; 
and, to crown all, although it is one of the most im- 
portant agents in the acftion and the phenomena 
of the universe, and increasing knowledge of 
its applicability to the needs of our race is of 
the utmost importance, no diredl means of as- 
certaining the thoughts and discoveries of its 
students, or of bringing them before the scien- 
tific and mechanical community, at present 
exist. Attempts have been made to supply 
this want, and journals have been started 
with the professed objedl in view of making 
public all that is known or can be learnt 
of Eledlricity in all its branches. But they 
have degenerated into unscientific records of 
unimportant events, and the purpose for which 
they were established has been lost sight of. 
Thus it comes that— while Engineering, Che- 
mistry, and other Applied Sciences have all 
their representative recognised organs — the 
l\ledlrician finds himself without any current 
journal from which he can learn the -events 
which are daily occurring of peculiar interest 
to himself. 



' Such a want has now been supplied by the 
establishment of the Electrical News and 
Telegraphic Reporter. In its columns willbc 
found the most valuable opinions of eminent 
Eledlricians and scientific men all overthe world. 
Articles will be contributed which will be of value 
not only to those who study Elecflricity as amateur 
experimentalists or scientific inquirers, but also 
to those whose daily life is bound up with the 
advancement of practical knowledge in all de- 
partments of the science, and who as elec- 
tricians, telegraphists, eledlrotypers, elcdbo- 
platers, and chemists have continually to deal 
with the same marvellous agent of force in 
different ways. Nor will the doings of foreign 
societies be ignored as in times gone by, but, 
in the shape of carefully prepared abstnAii 
their proceedings will be presented toourreadcn. 
Every opportunity will be given for the hcahb- 
ful discussion of the science in all its branclwii 
and a fair unbiassed course will be steered ii 
all questions of dispute. 

This, then, is our Programme in brief. MoR 
we could promise, but prefer to let the new 
periodical speak for itself. The subjecfl widk 
which it will deal is of too great impoitance tn 
need one word of recommendation. Daifyo- 
perience teaches us that we are as yet on dK 
threshold only of a vast expanse of ele«!faiad 
knowledge. This . has to be explored, and li 
the research gains in strength and intelligenoe 
the results will be far beyond all present con- 
ception. The feat of girdling the earth in 
forty minutes will be eclipsed by great dcedi 
yet to be done, and if the establishment rf 
the Electrical News and Tblbgkapbk 
Reporter conduces to the hastening of Ikis 
desirable end our obje<5l will have been gaincdf 
and wc shall be fully rewarded. 

Boy Court, Ludgate Hill, London* E.C. 
yuly iKt, 1875. 
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Talniage; C. Tomlinion, i 

i proceedings of the Se^ion were opened with the 
litig Address by the President 

Othe last meetingof the British Association science ^ 

lad to mourn the Toss of one of its pioneers, in the 1 the region affeAed 

of the veteran astronomer Schwabe, of Dessau, at ' "* — 

d old age — not before he bad faithfully and honour. 
finished his work. In truth this work was of such ■ 
e Uiat the worker could not be expefied long to sur- 
Iti completion. 

is now nearly fifty years since be first began to pro- 
daily sketches of the spots that appeared upon the 

surface. Every day on which the sun was visibli 
such days are more frequent in Germany th: 



atmosphere of the sun. But whether the cause be an Id- 
(cnial or external one, in either case we ate completely 
ignorant of its natore. 

We can easily enough imagine a cause operating ftom 
the sun himself and his relations with a surrounding me- 
'-m to produce great distnrbvices on his surface, hut we 

inot easily imagine why diatoiltances so caused should 

'e a periodicity. On the other hand, we can easily 

mgh attach periodicity to any tfte& caused by the 

attt, but we cannot well see why bodies comparatively 
insignificant should contribnte to such very violent 
o'Jtbreaks as wc now know sun-spots to be. 

If we look within we are at a loss to account for the 
periodicity of solar disturbances, and if we took without 
ue are equally at a loss to account for their magnitude. 
But since that within the sun is hidden from our view, it 
cuinot surely be considered blameworthy if astronomers 
have direSed their attention to tbat without, and have 
endeavoured to conned the behaviour of sun-spots with 
the positions of the various planets. 

Stimulated, no doubt, by the success which had attcaded 
the labours oC Schwabe, an English astronomer was the 
next to enter the field of solar research. 

The aim of Mr. Canington was, however, rather to ob- 
tsin very accurate records of the positions, the sizes, and 
the shapes of the various sun-spots, than to make a very 
extensive and long-continued series of observations. He 
vvas aware that a series at once very accurate and very 
extended is beyond the power of a pnvate individual, and 
can only be undertaken by an established institution. 
Nevertheless each sun-spot that made its appearance 
during the seven years extending from the beginning of 
1854 to the end of iSdo was sketched by Mr. Carrington 
irith the greatest possible accuracy, and had also its helio- 
graphic positions — that is to say, its solar latitude and 
longitude— accurately determined. 

One of the most prominent results of Mr. Carrington's 
labours was the discovery of the faS that sun-s(K)ls appear 
10 have a proper motion of Iheir own, those nearer the 
EOlar equator moving faster than those more remote. 
Another was the discovery of changes apparently periodical 
itteAing the disposition of spots in solar latitude. It waa 
already known that sun-spots confined themselves to the 

--■- equatorial regions, out Mr. Carrington ^owedthat 
.ir.A.3 ,..,. i!,ui. . ^idical elongations 



- dsT. 

try), with hardly any intermission for forty years, thi: 

iouS and venerable observer made his sketch of the 

didt. At lenfth this unexampled perseverance met 

its reward in the discovery of the periodicity of sun- 

I, a phenomenon which very speedily aitraded the 

ition of the scientific world. 

is not easy 10 overrate the importance of the step 

rfwhen a periodicity was found to rule these sotai 

ceaka. 

priori, we should not have expected such a pheno- 

jn. 

the old astronomers were perplexed by the discover^' 

nn-*DOts, their successors must have been equally 

iBKawhenAey ascertained their ^riodicity. Forwhile 

re ready to aclcnoiriedgepeTiodicity asoneof the natu- 

onditions of terrestrial phenomena, yet every one is 

ned to ask what there can be to cause it in the be. 

our of the sun himself? Manifestly it can only havi 

poidble ctniei : it must either be the outcome of 

t fttan^el; hlild ro peri odical cmse imUSag ia thff tn 

ttu, sftbit tamum \a then varM poiitiotii on tbc 



but Mr. Carri 

liable to peri 
and coniraflions, although his obBei 
sufficiently extended to determine the exaA length of thli 

Before Mr. Carrington bad completed his seven year*' 
labours, celestial photography had been introduced by 
Mr. Warren De la Rue. Commencing with his privau 
observatory, he next periuaded the Kew Committee of the 



iuperintendence, and in the year 186a the Rrst of a 
years' series of solar phot^aphs was begun. Before 
*' date, however, Mr. De la Rue had ascertained, by 
IS of his phoioheliograph, on the occasion of the total 
eclipse of iBoo, that the red prominences surrounding 
the eclipsed sun belong, without doubt, to our luminary 
himself. 

The Kew observations are not ^et finally reduced, bul 
already several Important conclusions have been obtained 
from them by Mr. De la Rue and the other Kew observers. 
In the first place the Kew photographs con&rm the theory 
of Wilson that sun.spols are phenomena the dark portioils 
□f which exist at a level considerably bene atk the general 
surface of the sun ; in other words, th^ sie hollowa of 



to associate the tow temperature of the bottom 
spots with the downward carria^ of colder matter fion 
the atmosphere of the sun, while the upward rush of 
heated mittter was supposed to Bccouot for the IkctUii M 
bright pfttclies wbicli aliiiott invariahlj acconipafly Ipofi. 
In the Dtxt place, the Kew observen, making nte not only 
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of the Kew series, but of those of Schwabe and C airing- 
ton, which were generously placed at their disposal, have 
discovered traces of the influence of the nearer planets 
upon the behaviour of sun-spots. This influence appears 
to be of such a nature that spots attain their maximum 
size when carried by rotation into positions as far as pos- 
sible remote from the influencing planet — that is to say, 
into positions where the body of the sun is between them 
and the planet. There is also evidence of an excess of 
solar action when two influential planets come near to- 
gether. But although considerable light has thus been 
thrown on the periodicity of sun-spots, it ought to be 
borne in mind that the cause of the remarkable period of 
eleven years and a quarter, originally discovered by 
Schwabe, has not yet been properly explained. The Kew 
observers have likewise discovered traces of a peculiar 
oscillation of spots between the two hemispheres of the 
sun, and finally their researches will place at the command 
of the observers the data for ascertaining whether centres 
of greater and lesser solar activity are conneded with 
certain heliocentric positions. 

While the sun^s surface was thus being examined both 
telescopically and photographically, the spectroscope 
came to be employed as an instrument of research. It 
had already been surmised by Prof. Stokes that the vapour 
of sodium at a comparatively low temperature forms one 
of the constituents of the solar atmosphere, inasmuch as 
the dark line D in the spedtrum of the sun coincides in 
position with the bright line given out by incandescent 
sodium vapour. 

This method of research was greatly extended by 
Kirchhoff, who soon found that many of the dark lines in 
the solar spedrum were coincident with the bright lines of 
sundry incandescent metallic vapours, and a good begin- 
ning was thus made towards ascertaining the chemical 
constitution of the sun. 

The new method soon brought forth further fruit when 
applied in the hands of Huggins, Miller, Secchi, and others, 
to the more distant heavenly bodies. It was speedily 
found that the fixed stars had constitutions very similar 
to that of the sun. But a peculiar and unexpeded suc- 
cess was attained when some of the nebulae were examined 
spedroscopically. To-day it seems (so rapidly has know- 
ledge progressed) very much like recalling an old super- 
stition to remind you that, until the advent of the spedro- 
scope, the irresolvable nebulae were considered to be 
gigantic and remote clusters of stars, the individual 
members of which were too distant to be separated from 
each other, even with a telescope like that of Lord Rosse. 
But Mr. Huggins, by means of the spectroscope, soon 
found that this was not the case, and that most of the 
nebula which had defied the telescope gave indications of 
incandescent hydrogen gas. It was also found by this 
observer that the proper motions of some of the fixed 
stars in a direction to or from the earth might be detected 
by means of the displacement of their spedtral lines,— a 
principle of research which was first enunciated by 
Fizeau. Hitherto in such applications of the spedroscope 
the body to be examined was viewed as a whole. It had 
not yet been attempted to localise the use of this instru- 
ment so as to examine particular districts of the sun, — as, 
for instance, a sun-spot, or the red flames already proved 
by De la Rue to belong to our luminary. This applica- 
tion was first made by Mr. Lockyer, who, in the year 
1865, examined a sun-spot speCtroscopically, and remarked 
the greater thickness of the lines in the speCtrum of the 
darker portion of the spot. 

Dr. Frankland had previously found that thick spedtral 
lines correspond to great pressure, and hence the inference 
from the greater thickness of lines in the umbra of a spot 
18, that this umbra or dark portion is subject to a greater 
pressure, — that is to say, it exists below a greater depth 
of the solar atmosphere than the general surface of the 
•on. Thus the results derived from the Kew photo- 
JMllosraph and those derived from the spedroscope were 
fottna to confirm each oth^r. Mr. Lockyer next caused a 



powerful instrument to be construded for the purpose of 
viewing spedroscopically the red flames round the son*^ 
border, in the hope that if they consisted of ignited gss 
the spedroscope would disperse, and thus dilute ssd 
destroy the glare which prevents them from being seen on 
ordinary occasions. 

Before this instrument was quite ready, these flanm 
had been analysed spedroscopically by Capt. Heracbel, 
M. Janssen, and others, on the occasion of a total eclipse 
occurring in India, and they were found to consist of in- 
candescent gas, most probably hydrogen. But the latter 
of these observers (M. Janssen) made the important ob- 
servation that the bright lines in the spednim of these 
flames remained visible even after the sun had reappeared, 
from which he argued that a solar eclipse is not neceuaiy 
for the examination of this region. 

Before information of the discovery made by M. Jans- 
sen had reached this country, the instrument of Mr. 
Lockyer had been conipleted, and he also found that bf 
its means he was able to analyse at leisure the compoiitMB 
of the red flames without the necessity of a total ecKpie. 
An atmosphere of incandescent hydrogen was fonndto 
surround our luminary, into which, during the greHer 
solar storms, sundry metallic vapours were injeded— 
sodium, magnesium, and iron forming the three that mott 
frequently made their appearance. 

Here we come to an interesting chemical questioiL 
It had been remarked by Maxwell and by Pierce, ai the 
result of the molecular theory of gases, that the final dis- 
tribution of any number of kinds of gas in a vertical 
diredion under gravity is such that the density of each 
gas at a given height is the same as if all the other gisei 
had been removed, leaving it alone. 

In our own atmocphere the continual disturbances pie- 
vent this arrangement from taking place ; but in theson^ 
enormously extended atmosphere (if, indeed, ourlomnuij 
be not nearly all gaseous) it appears to hold, inasmuch a 
the upper portion of this atmosphere, dealing with knovi 
elements, apparently consists entirely of hy&oeen. 

Various other vapours are, however, as we nave sees, 
injeded from below the photosphere into the solar atmo- 
sphere on the occasion of great disturbances ; and Ml 
Lockyer has asked the question, whether we have not 
here a true indication of the relative densities of these 
various vapours derived from the relative heights to which 
they are injeded on such occasions ? 

This qustion has been asked, but it has not yet reoeived 
a definite solution ; for chemists tell us that the viposr 
densities of some of the gases injeded into the son's at- 
mosphere on the occasion of disturbances are — as tu u 
they know from terrestrial observations-— different fioa 
those which would be indicated by taking the rdative 
heights attained in the atmosphere of the sim. Mr. Lock- 
yer has attempted to bring the question a step nesicrto 
its solution by showing that the vapours at the tefflpen* 
ture at which their vapour densities have been a?CB* 
mentally determined are not of similar molecular coasti- 
tution, whereas in the sun we get an indication fiom the 
fad that all the elements give us line speAra, that th^ 
are in similar molecular states. 

Without, however, attempting to settle this qocstion, I 
may remark that we have here an interesting r^fmr*^ of 
how two branches of science, physics and chemisuy, neet 
together in solar research. 

It had already been observed by Kirchhoff that tomt- 
times one or more of the spedral lines of an elemestaiy 
vapour appear to be reversed in the solar spedrum, while 
the other lines did not experience reversal. Mi. Lockpx 
succeeded in obtaining an explanation of this phfnft'"*^ 
non. This explanation was found by means of theoKthod 
of localisation already mentioned. 

Hitherto, when taking the spedrum of the eledric tftA 
between the two metallic poles of a coil, the axraagemeBti 
were such as to give an average spednun of the owtslol 
these poles ; but it was found that whan the iiirtkri ^ 
localisation was employed, dlfoent portioiu of tin tft^ 
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gave a different number of lines, the regions near the ter- 
minals being rich in lines, while the midway regions give 
comparatively few. 

If we imagine that in the midway regions the metallic 
vapour given off by the spark is in a rarer state than that 
near the poles, we are thus led to regard the short lines 
which cling to the poles as those which require a greater 
density or nearness of the vapour particles before they 
make their appearance, while, on the other hand,'those 
which extend all the way between the two poles come to 
be regarded as those which will continue to make their 
appearance in vapour of great tenuity. 

Now it was remarked that these long lines were the 
very lines which were reversed in the atmosphere of the 
sun. Hence when we observe a single coincidence be- 
tween a dark solar line and the bright line of any metal, 
we are further led to inquire whether this bright line is one 
of the long lines which will continue to exist all the way 
between two terminals of that metal when the spark 
passes. 

If this be the case, then we may argue with much pro- 
bability that the metal in question really occurs in the 
solar atmosphere ; but if, on the other hand, the coinci- 
dence is merely between a solar dark line and a short 
bright one, then we are led to imagine that it is not a true 
coincidence, but something which will probably disappear 
on further examination. This method has already afforded 
us a means of determining the relative amount of the 
various metallic vapours in the sun's atmosphere. Thus 
in some instances all lines are reversed, whereas in others 
the reversal extends only to a few of the longer lines. 

Several new metals have thus been added to the list of 
those previously dete(5ted in the solar atmosphere ; and it 
is now certain that the vapours of hydrogen, potassium, 
sodium, rubidium, barium, strontium, calcium, magnesium, 
aluminium, iron, manganese, chromium, cobalt, nickel, 
titanium, lead, copper, cadmium, zinc, uranium, cerium, 
vanadium, and palladium occur in our luminary. 

I have spoken hitherto only of telescopic spedtroscopy ; 
but photography has been found capable of performing 
the same good service towards the compound instrument 
consisting of the telescope and its attached spectroscope 
which it had previously been known to perform towards 
the telescope alone. 

It is of no less importance to secure a permanent record 
of spedral peculiarities than it is to secure a permanent 
record of telescopic appearances. 

^ This application of photography to spedlrum observa- 
tions was first commenced on a sufficient scale by Mr. 
Rutherford, of New York, and already promises to be one 
of the most valuable aids in solar inquiry. 

In connexion with the" spectroscope I ought here to 
mention the names of Respighi and Secchi, who have 
done much in the examination of the solar surface from 
day to day. It is of great importance to the advancement 
of our knowledge that two such competent observers are 
stationed in a country where the climate is so favourable 
to continued observation. 

The examination of the sun's surface by the spedlro- 
scope suggests many interesting questions connedted with 
other branches of science. One of these has already been 
alluded to. 

I may mention two others put by Mr. Lockyer, pre- 
mising, however, that at present we are hardly in a 
position to reply to them. 

It has been asked whether the very high temperatures 
of the sun and of some of the stars may not be sufficient 
to produce the disassociation of those molecular struc- 
tures which cannot be disassociated by any terrestrial 
means; in other words, the question has been raised 
whether our so-called elements are really elementary bodies. 

A third question is of geological interest. It has been 
asked whether a study of the solar atmosphere may not 
throw some light upon the peculiar constitution of the 
imper strata of the earth's surface, which are known to be 
Of loM density than the average interior of our planet* 



If we have learned to be independent of total eclipses, 
as far as the lower portions of the solar atmosphere are 
concerned, it must be confessed that as yet the upper por- 
tions — the outworks of the sun — can only be successfully 
approached on these rare and precious occasions. Thanks 
to the various Government expeditions despatched by 
Great Britain, by the United States, and by several Con- 
tinental nations, — thanks, also, to the exertions of Lord 
Lindsay and other astronomers, — we are in the possession 
of definite information regarding the solar corona. 

In the first place, we are now absolutely certain that a 
large part of this appendage unmistakably belongs to our 
luminary, and in the next place we know that it consists 
— in part at least — of an ignited gas giving a peculiar 
speArum, which we have not yet been able to identify 
with that of any known element. 

The temptation is g^eat to associate this spedrum with 
the presence of something lighter than hydrogen, of the 
nature of which we are yet totally ignorant. 

A peculiar physical strudture of the corona has likewise 
been suspedted. On the whole, we may say that this is 
the least known — while it is perhaps the most interesting 
— region of solar research ; most assuredly it is well 
worthy of further investigation. 

If we now turn our attention to matters nearer home, 
we find that there is a difficulty in grasping the fadts of 
terrestrial meteorology no less formidable than that which 
assails us when we investigate solar outbreaks. The 
latter perplex us because the sun is so far away, and be- 
cause also his conditions are so different from those with 
which we are here familiar ; while, on the other hand, the 
former perplex us because we are so intimately mixed up 
with them in our daily lives and adions — because, in faA, 
the scale is so large and we are so near. The result has 
been that until quite recently our meteorological opera- 
tions have been condudted by a band of isolated volun- 
teers, individually capable and skilful, but, from their very 
isolation, incapable of combining together with advantage 
to prosecute a scientific campaign. Of late, however, we 
have begun to perceive that if we are to make any advance 
in this very interesting and pradiical subjedt, a different 
method must be pursued, and we have already reaped the 
first fruits of a more enlightened policy ; already we have 
gained some knowledge of the constitution and habits of 
our atmosphere. 

The researches of Wells and Tyndall have thrown 
much light on the cause of dew. Humboldt, Dove, Buys 
Ballot, Jelinek, Quetelet, Hansteen, Kupffer, Forbes, 
Welsh, Glaisher, and others, have done much to give us 
an accurate knowledge of the distribution of terrestrial 
temperature. 

Great attention has likewise been given to the rainfall 
of Great Britain and Ireland, chiefiy through the exertions 
of one individual, Mr. G. J. Symons. 

To Dove we are indebted for the law of rotation of the 
wind ; to Redfield, for the spiral theory of cyclones ; to 
Francis Galton, for the theory of anti-cyclones ; to 
Buchan, for an investigation into the disposition of atmo- 
spheric pressure which precedes peculiar types of weather ; 
to Stevenson, for the conception of barometric gradients ; 
to Scott and Meldrum, for an acquaintance with the dis- 
position of winds which frequently precedes violent out- 
breaks ; and to come to the pradical application of laws, 
we are much indebted to the late Admiral Fit2Roy, and 
the system which he greatly helped to establish, for our 
telegraphic warnings of coming storms. 

Again, the meteorology of the ocean has not been for- 
gotten. The well-known name of Maury will occur to 
every one as that of a pioneer in this branch of inquiry. 
FitzRoy, Leverrier, Meldrum, Toynbee, and others, have 
likewise done much ; and it is understood that the meteor- 
ological offices of this and other maritime countries are 
now busily engaged upon this important and pradtical 
subjedt. Finsilly, the movements of the ocean and the 
temperatures of the oceanic depths have recently been 
examined with very great success in vepsels despatched 
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bv Her Majesty's Goverament ; and Dr. Carpenter has by 
this means been able to throw mat light upon the con- 
redion-cnrrents exhibited by that vast body of water 
which girdles our globe, 

It would be out of place to enter here more minutely 
into this large subject, and already it may be asked what 
connexion has all this with that part of the address that 
went before it. 

There are, however, strong grounds for supposing that 
the meteorology of the sun and that of the earth are in- 
timately connected together. Mr. Broun has shown the 
existence of a meteorological period conned^ed apparently 
with the sun's rotation, nve successive years* observations 
of the barometer at Singapore all giving the period 
2574 days. Mr. Baxendell, of Manchester, was, I believe, 
the nrst to show that the conveAion-currents of the earth 
appear 'to be connedcd somehow with the state of the 
sun*s surface as regards spots ; and still more recently 
Mr. Meldrum, of the Mauritius Observatory, has sho\vn, 
by a laborious compilation of ships* logs, and by utilising 
the meteorological records of the island, that the cyclones 
in the Indian Ocean are most frequent in vears when there 
are most sun-spots. He likewise affords us grounds for 
supposing that the rainfall, at least in the tropics, is 
greatest in years of maximum solar disturbance. 

M. Poey has found a similar connedtion in the case of 
the West Indian hurricanes ; and finally, Piazzi Smyth, 
Stone, Kdppen, and, still more recentlvi Blanford, have 
been able to bring to light a cycle of terrestrial tem- 
perature having apparent reference to the condition of 
the sun. 

Thus we have strong matter-of-fad grounds for pre- 
suming a connexion between the meteorology of our 
luminary and that of our planet, even although we are in 
complete ignorance as to the exadt nature of this bond. 

If we now turn to terrestrial magnetism the same 
connection becomes apparent. 

Sir Edward Sabine was the first to show that the 
disturbances of the magnetism of the earth are most 
violent during years of maximum sun spots. Mr. Broun 
has shown that there is likewise a reference in magnetic 
phenomena to the period of the sun's rotation about his 
axis, an observation recently confirmed by Hornstein; 
and still more recently Mr. Bcoun has shown that the 
moon has an a(5tion upon the earth's magnetism, which is 
not altogether of a tidal nature, but depends, in part at 
least, upon the relative position of the sun and moon. 

I must trust to your forbearance if I now venture to 
bring forward considerations of a somewhat speculative 
nature. 

We are all familiar with the generalisation of Hadley ; 
that is to say, we know there are undercurrents sweeping 
along the surface of the earth from the poles to the 
equator, and upper currents sweeping back from the 
equator to the poles. We are likewise aware that these 
currents are caused by the unequal temperature of the 
earth; they are in truth convedion currents, and their 
course is determined by the positions of the hottest and 
coldest parts of the earth's surface. We may expert 
them, therefore, to have a reference not so much to the 
geographical equator and poles as to the hottest and 
coldest regions. In fad we know that the equatorial 
regions into which the trade winds rush and from which 
the anti-trades take their origin, have a certain annual 
oscillation depending upon the position of the sun, or. in 
other words, upon the season of the year. We may like- 
wise imagine that the region into which the upper 
currents pour themselves is not the geographical pole, 
but the pole of greatest cold. 

In the next place we may imagine that these currents, 
as far as regards a particular place, have a daily oscilla- 
tion. This has, I believe, been proved as regards the 
lower currents or trade winds, which are more powerful 
daring the day than during the night, and we may there- 
fore expea it to hold good with regard to the upper 
curreiitB or anti-trades; in fadt we cannot go wrong in 



supposing that they also, as regards any parUcalar plsce, 
exhibit a daily variation in the intensity with which tbey 
blow. 

Again, we are aware that the earth is a ma^et. Let 
us not . now concern ourselves about thcs origin of its 
magnetism, but rather let us take it as it is. We mmt 
next bear in mind that rarefied air is a good caod nftor s( 
electricity ; indeed, according to recent experiments, as 
extreipely good conductor. The return trades that ^fm 
above from the hotter equatorial regions to the poles sf 
cold, consisting of moist rarefied air, are thexefoce to be 
regarded in the light of good condudiors crossing lines of 
magnetic force ; we may therefore expeA them to be tlie 
vehicle of ele^ric currents. Such ele^ric cunents will 
of course readt on the magnetism of the earth. Nov, 
since the velocity of these upper currents has a dsi^ 
variation, their influence as exhibited at any place vpos 
the magnetism of the earth may be expe^ed to hawe a 
I daily variation also. 

The question thus arises. Have we possibly here a 
cause which may account for the well-known di3j 
magnetic variation ? Are the peculiarities of this vsfii- 
tion such as to correspond to those which xni^t be 
expedled to belong to such eledric currents ? I think it 
may be said that, as far as we can judge, there is a Uk^ 
ness of this kind between the peculiarities of these two 
things ; but a more prolonged scrutiny will of coarse be 
essential before we can be absolutely certain that such 
currents are fitted to produce the dauly variation of the 
earth's magnetism. 

Besides the daily and yearly periodic changes in these 
upper convedlion currents, we should also exped oca- 
sional and abrupt changes forming the counterparts of 
those disturbances in the lower strata with which we are 
familiar. And these may be exposed in like manner to 
produce non-periodic occasional disturbances of the 
magnetism of the earth. Now it is well known that 
such disturbances do occur, and further that they are 
most frequent in those years when cyclones are isost 
frequent, that is to say, in years of maximum son-^ots. 
In one word, it appears to be a tenable hypothesis ts 
attribute at least the most prominent magnetic chasgei 
to atmospheric motions taking place in the upper i^os* 
of the atmosphere where each movin|; stratom «aii 
becomes a condudlor moving across hnes of nia|BClic 
force ; and it was Sir William Thomson, I believe, idis 
first suggested that the motion of condu^ors aciou the 
lines of the earth's magnetic force must be taken isto 
account in any attempted explanation of tencstnal 
magnetism. 

It thus seems possible that the excessive magaetic 
disturbances which take place in years of maximam sin 
spots may not be diredUy caused by any solar adioD, kst 
may rather be due to the excessive meteoroloacal dii- 
turbances which are likewise chara^eristic of such yean; 
on the other hand, that magnetic and meteocoiQ|Kal 
influence which Mr. Broun has found to be awiirt%rf 
with the sun's rotation points to some unknown din& 
effect produced by our luminary, even if we imagine that 
the magnetic part of it is caused by the m e t eo tw og wr al 
Mr. Broun is of opinion that this effe& of the aaa does 
not depend upon the amount of spots on his surOace. 

In the next place, that influence of the sun in viitae of 
which we have most cyclones and greater meteofolopcal 
disturbance in the years of maximum spots, cannot, 1 
think (as far as we know at present) be attributed to a 
change in the heating power of the sun. We have os 
doubt traces of a temperature effeft which appeals is 
depend upon the sun period ; but its amotmt as ¥qr 
smsdl, whereas the variation in cyclonic distuihaaos ii 
very great. We are thus tempted to associate this 
cyclone-producing influence of the sun wiUi aomsthisg 
different from his light and heat. As far, therelm S* 
we can judge, our luminary would appear to pioi>swi> 
three distindt effe&s upon our globe, to, the fint pUsfcf 
magnetic and meteorological efis^i - — 
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«poB luB rotation ; Mcoadlv, a eydonic effiid, depending 
somehow upon the disturbed itate of his surfiue ; sad 
lastly, the well-known light and heat effea with which 
we are all familiar. 

If we now turn to the sun, we find that there are three 
4istiad iorms of motion which animate his surface 
particles. In the first place, each particle is carried 
found by the rotation of our luminary ; secondly, each 
particle is influenced by the gigantic meteorological dis- 
UirbaBces of the surface, in virtue of which it may acquire 
a velocity ranging as high as 130 or 140 miles a second ; 
and lastly, each particle, on account of its high tempera- 
tare, is vibrating with extreme rapidity, and the energy 
of these vibrations communicated to us by means of the 
etherial medium produces the well-known light and heat 
effed of the sun. 

Now, is it philosophical to suppose that it is only the 
last of these three motions that influences our earth, 
while the other two produce absoluulv no eSt& ? On 
the contrary, we are, I think, compelled hy considerations 
cooneded with the theory of energy, to attribute an 
influence, whether great or small, to the first two as well 
as to the last. 

We are thus led to suppose that the sun must influence 
the earth in three way?, one depending on his rotation, 
another on his meteorologipal disturbance, and a third by 
means of the vibrations of his surface particles. 

But we have already s^en that, as a matter of fad^, the 
sun does appear to mfluenpe the earth in three distind 
ways — one magnetically and meteorologically, dqiending 
apparently on his period of rotation ; a second cyclonic- 
ally, depdidyig apparently pn the meteomfogical condi- 
tions of his surtiacb ; sad a third by means of his light apd 
heat. 

Is this merely a coincideacfi, or has it a meaning of |ts 
own ? We cannot tell ; bpt I may venture to think that 
in the pursuit of this problfim we ought to be prepare^ at 
least to admit the possij^igty of a threefold infiuenee of 
the sun. 

Even from this very mesurre sketch of one of the in<|st 
interesting and important ^f physical problems, it cdiii|ot 
fail to appear that while 4 good deal has already iern 
done, its progress in Hn future will very greatly depend 
on the completeness of the method and continuity of the 
observations by which it is pursued. We have here a 
field which is of importance not merely to one, or even to 
two, but almost to every conceivable branch of research. 
Why should we not ered in it a sort of science- 
exchanj^e jnto which the physicist, the chemist, and the 
geolo^t may each carry the fruits of his research, 
rfcfiviog back in return some suggestion, some principle, 
or some other scientific commodity that will aid him in 
bis own field. 

But to establish such a mart must be a national under- 
iakjg^giaad already several nations have acknowledged 
iMr oHigations in this resped. 

Aljr|u»4y the German Government have established a 
Spanenwarte, the mere building and equipment of which 
is to cost a large sum. With an appreciation of what the 
spedrospop^ has done for this inquiry, the first diredlor- 
sJiipwas offered to KJrchhoff, and on his declining it, 
Ijerr Vogel has been placed in charge. In France also a 
flhysical observatory is to be ereded at Fontenay, on an 
equal, if not greater scale, of which Janssen has already 
s ic cep t s d the dire^orship; while in Italy there are at 
least t>iree observatories exclusively devoted to this branch 
ofrpsfarch. 

Nor must we forget that in this country the new 
ebservatory at Oxford has been so arranged that it can 
be employed in such inquiries. But what has England 
as a nation done ? 

Some years since, at the Norwich Meeting of this 
Asaocieilo0, * snevement was set on foot by Colonel 
fltmiige vhicb tetuked 10 the anpoiatmeat of a Royal 
CilWiMisin oo^'lhi irfvancsmeiit bf sdsQce, with the 
Poke of Devonshire as chairman. This Cpwnission 
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have quite recently reported on the steps that ought in 
their opinion to be taken for the advancement of scientifip 
research. 

One of their recommendations is expressed in the 
following words : — 

** Important classes of phenomena relating to physical 
meteorology and to terrestrial and astronomical physics 
require observations of such a charader that they cannot 
be advantageously carried on otherwise than under the 
diredion of Government. Institutions for the study of 
such phenomena should be maintained by the Govern- 
ment ; and in particular an observatory should be founded 
specially devoted to astronomical physics." 

If the men of science of this country who procured the 
appointment of this commission, and who subsequently 
gave evidence before it, will now come forward to 
support its recommendations, it can hardly be doubted 
that these will be speedily carried into effect. 

But other things besides observations are necessary if 
we are to pursue with advantage this great physical 
problem. 

One of these is the removal of the intolerable burden 
that has hitherto been laid upon private meteorologists 
and magneticians. Expeded to furnish their tale of 
bricks, they have been left to find their own straw. 
Nothing more wretched can be imagined than the position 
of an amateur (that is to say, a man who pursues science 
for the love of it, and is unconneded with any establish- 
ment) who has set himself to promote observational 
inquiries, whether in meteorology or magnetism. 

He has first to obtain with great expenditure of time or 
money, or both, copies of the individual observations 
taken at some recognised institution. He has next to 
reduce these in the way that-suits his inquiry, an opera- 
tion again consuming time and demanding means. Let 
us suppose all this to be successfully accomplished, and 
a valuable result obtained. It is doubtless embodied in 
the Transadions of some Society, but it excites little 
enthusiasm ; for it consists cf something which cannot be 
repeated by every one for himself like a new and interest- 
ing experiment. Yet the position of such men has 
recently been improved. Several observatories and other 
institutions now publish their individual observations ; 
this is done by our Meteorological Office, while Dr. 
Bergsma, Dr. Neumayer, and Mr. Broun are recent 
examples of magneticians who have adopted this plan. 
The publication of the work of the latter is due to the 
enlightened patronage of the Rajah of Travancore, who 
has thus placed himself in front of the princes of India 
and given them an example which it is to be hoped they 
will follow. But this is only one step in the right 
diredion; another must consist in subsidising private 
meteorologists and magneticians in order to enable them 
to obtain the aid of computers in reducing the observa- 
tions with which they have been furnished. The man of 
science would thus be able to devote his knowledge, 
derived from long study, to the methods by which results, 
and the laws regulating them, are to be obtained; he 
could be the arch i ted and builder of a scientific strudure 
without being forced to waste his energies on the work of 
a hodman. 

Another hindrance consists in our deficient knowledge 
as to what observations of value in magnetism and 
meteorology have already been made. We ought to have 
an exhaustive catalogue of all that has been done in tlus 
resped in our globe, and of the conditions under which 
the various ol^ervations will be accessible to outside 
inquirers. A catalogue of this kind has been framed by s 
committee of this Association, but it is confined to the 
dominions of England, and requires to be supplemented 
by a list of that which has been done abroad. 

A third drawback is the insufficient nature of the 

present facilities for the invention and improvement of 

instruments, and for their verification. 

We have no doubt advanced greatly in the construdion 

I of instruments, especially in those which are self^record* 
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ing. The names of Brooke, Robinson, Welsh, Osier, and 
Beckley, will occur to us all as improvers of our instru- 
ments of observation. Sir W. Thomson has likewise 
adapted his eledrometer to the wants of meteorology. 
Dr. Roscoc has given us a self-recording a&inometer; 
but a good instrument for observing the sun's heat is still 
a desideratum. It ought likewise to be borne in mind 
that the standard mercurial thermometer is by no means 
a perfe^ instrument. 

In conclusion, it cannot be doubted that a great 
generalisation is looming in the distance — a mighty law, 
we cannot yet tell what, that will reach us, we cannot yet 
say when. It will involve fads hitherto inexplicable, 
fadts that are scarcely received as such because they 
appear opposed to our present knowledge of their causes. 
It is not possible, perhaps, to hasten the arrival of this 
generalisation beyond a certain point ; but we ought not 
to forget that we can hasten it, and that it is our duty to 
do so. It depends much on ourselves, our resolution, 
our earnestness, on the scientific policy we adopt, as well 
as on the power we may have to devote ourselves to 
special investigations, whether such an advent shall be 
realised in our day and generation, or whether it shall be 
indefinitely postponed. If Governments would understand 
the ultimate material advantages of every step forward in 
science, however inapplicable each may appear for the 
moment to the wants or pleasutes of ordmary life, they 
would find reasons, patent to the meanest capacities, 
for bringing the wealth of mind, now lost on the drudgery 
of common labours, to bear on the search for those 
wondrous laws which govern every movement, not only 
of the mighty masses of our system, but of every atom 
distributed throughout space. 

Colonel Strange, in moving a vote of thanks to Prof. 
Balfour Stewart, felt confident that the subjed which 
their president had brought before them was one of 
which no one was more entitled to speak. No man at 
the present time had contributed so much to the know- 
ledge which they possessed of the physical adiion of the 
heavenly bodies. He agreed with the President in 
thinking the Governments of the various countries should 
give greater facilities to scientific inquiry, and hoped that 
•oon there would be" a number of persons a&ing in 
different parts of the world under one system by which 
they could have a daily record of what was taking place. 

The vote of thanks was seconded by the Rev. R. Main, 
and carried with acclamation. 



BS 



QUADRUPLEX. 
By A. EDEN, Asmc. Soc. Tel. Eng. 

Duplex working having now become an every-day faa, 
the attention of eledricians in various countries has been 
direded to the possibility of transmitting two messsages 
and receiving two messages simultaneously, through one 
wire, without mutual interference. 

Dr. Stark, of Vienna, twenty years ago, suggested a 
method of accomplishing this, and Dr. Zetzsche states 
{Electrical News, vol. i., p. 41^ that it has been a sub- 
jeA of investigation and experiment in Germany for 
tome time. 

This so-called ** quadruplex '* problem has been solved 
in various ways, with more or less success, by MM, Meyer 
and Maron on the Continent, and Dr. Nicholson and 
Messrs. Prescott and Edison in America. 

Mr. Kempe, of Southampton, and Mr. McGauran, of 
Melbourne, propose systems essentially the same ; but 
while the former has confined himself to theory, the 
latter has endeavoured to put it into pradice, and states 
that he has not succeeded satisfactorily. 

In Dr. Stark's embryo quadruplex— .as in Gintl's duplex 
syttem— a compensating battery is required, and it is 



nearly impossible to close this compensating circuit to at 
to produce perfedl signals. 

M« Maron's and Dr. Nicholson's systems appear to be 
similar, each of these gentlemen using on« differential 
relay only, and three current-strengths ; M. Maron, bow- 
ever, making use of three permanently magnetised anna* 
tures, instead of two as in Dr. Nicholson's invention. 

M. Meyer's quadruplex is apparently adapted solely to 
the transmission of four messages simultaneously in oiu 
diredion ; and although it is stated to be in successfid 
operation between Paris and Lyons, the writer is not aware 
of the existence of any published description. 

Messrs. Prescott and Edison and Mr. Kempe avail 
themselves of the principle of the Wheatstone balance, 
the former using two and the latter proposing three 
relays. 

Hitherto the most successful quadruplex method ap- 
pears to be that of Messrs. Prescott and Edison, a 
description of which was read before the American Elec- 
trical Society, by Mr. F. W. Jones. 

Briefly described, this ** quadruplex " is a Wheatstone 
balance (Fig. i) with two relays, s and p, in the position 
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of the galvanometer, and two transmitters at each end of 
the line. These transmitters would appear to be wofkoi 
by local batteries brought into adion by depxessinctbe 
sending keys. One of these transmitters being amnged 
to send (say) a negative current when at rest, and a pos 
tive current when its local circuit is closed ; the second 
transmitter putting an extra battery into or out of diciit, 
without changing the polarity of the existing correat, 
which is solely determined by the position of No. i trani- 
mitter. 

It follows that if A, c, b, and the external r are praped^ 
adjusted, the sending station's instruments are naafibded 
by its own current, but ads on the distant sution's po- 
larised relay, p, by the closure of the double caneflt 
transmitter, and on the distant station's unpoJarised x^, 
8, by the adion of the extra-battery transmitter. 

If No. I transmitter is at rest, and No. 2 doted, s is 
aded on by a current which keeps p open ; but If the 
armature of No. i is also depressed, p dotes its tool 
circuit also. 

With this arrangement the received current is weakeatd 
by a shunt or derivation via the ** arms " a and c, and it 
is stated by Mr. Jones that the percentage of tStdant 
current is very low. 

A condenser is attached to the bridge wire (s, p) to pre- 
vent the indudive adion produced by the current-varia- 
tions, &c., from interfering with signals. 

The writer has given this question some attention It 
various times, and lately came to the condatioa that a 
quadruplex which would utilise the current lost «m dtt 
A c shunt would probably be tuperior to any 
hitherto published. 
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With this view the two following methods were expe- 
rimented with on a suspended wire of about 100 miles. 
A and c (Fie. 2) are the two coils of a differentially- wound 
polarised relay, adjusted for weak currents, d and e are 
ordinary polarised relays, not sensitively adjusted, forming 
the bridge-wire of a ** Wheatstone balance,*' a and c being 



the difficulties consequent on the reversal of the current 
by K, while Ka is depressed. 

The second method is similar to the first, except that 
instead of the polarised relays D and e, a soft iron relay 
is inserted, which is affe<5led by the strong currents from 
K2 only. 
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the arms, and b a resistance which (if a and c are equal) 
is made equal to the external resistance. 

K is an ordinary *' double current '* key so adjusted as 
to leave the smallest possible interval between the positive 
and negative currents, during the passage of the lever 
from the upper to the lower stops, or vice versd. When the 
key is at rest terminals i and 4, 2 and 3 are in connection, 
but when depressed terminals x and 3, 2 and 4 are 
conneded. 

Ka is a single current key with contad springs to pre- 
vent the back contadt being broken before the front 
contad is established. This key cuts out of — or puts 
into — circuit a certain amount of extra force. When at 
rest Ka inserts a resistance (r) equal to that of the extra 
battery with which it is connected. This r is cut out 
when the key is depressed, and it is intended to prevent 
any variation in the distant station's balance by the 
insertion or withdrawal of the extra battery. 

The received current passes through c a and d in the 
same, and through e in the opposite diredion. When 
both keys are at rest a + current is sent from station X 
(and — from station Y), when k alone is depressed ~, 
when Ka is pressed down and k at rest 3 -f, and when 
both are depressed 3 — . 

A weak negative current closes Y's c a relay, and a weak 
positive opens it, but neither current has sufficient force 
to ad on D or E. 3 -f closes b and keeps c a and d open, 
while 3 — closes o and c a, but opens e. 

Rela;^8 d and e are conneded with the same Morse as 
shown in the figure. 

This system worked well on the line referred to, 
although the apparatus was very imperfedly adapted to 
the end in view. 

The relays o and 1 require weak springs attached to 
their armatures to prolong the contads, and thus oboriate 



A spring is attached to the armature as in the case of 
D and E in the preceding method, and for the same pur- 
pose. The first plan gave more satisfactory results than 
the second, although this may be owing to the roughly 
made unpolarised relays with which the writer experi- 
mented. 

Neither of the methods require a condenser in the 
bridge wire, and practically the induCtive adtion would 
appear to be absent. 

To avoid complication, the currents from the one 
station have been referred to as being received at the 
other, and the theoretical explanations of the duplex 
signals produced in c a and d e, being generally under- 
stood, have not been given, but a mixed differential and 
*' bridge " system seems preferable to a purely differential 
or purely " bridge " method. 

It is evident that a ** Wheatstone receiver '* differentially 
wound, could be inserted in AC, and automatic trans- 
mission at a high speed adopted. 

It may be added that before the springs were attached 
to the armature, as stated, a secondary battery of lead 
plates, in connexion with the Morse coils, and a shunt so 
as to afford a passage for the extra current dired, were 
successively tried in order to keep down the armature of 
the Morse while the distant station's k was reversing the 
current, but without any satisfactory result, although the 
shunt might be adopted with advantage, in addition to 
the contad springs mentioned. 



In our last number we announced that Mr. Scudamore's 
vacancy as Second Secretary of the Post Office would not 
be filled up. We have since been informed that Mr. P. 
£. Baines has been appointed Surveyor-General of Tele- 
graphs, Mr. Patey succeeding Mr. Baines as principal clerk. 
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MAGNETO-ELECTRIC INDUCTION.* 

By J. A. FLEMING, B.Sc. (Lond.), F.C.S., 
Cheltenham College. 



Many different experimenters, at various times, have 
brought forward instances in which it was supposed that 
chemical adion could be produced or modified by the aid 
of static or permanent magnetism. But whatever may 
be the nature or cause of the effedis obtained, we know 
that the law of conservation of energy will not allow us 
to believe that any continued chemical adion can be 
effedied by the mere presence or neighbourhood of 
magnets, where at the same time no other expenditure of 
energy is made. But yet a consideration of this question 
from a modem standpoint leads me to make the following 
suggestion : — 

When a solid condud^or is moved in the field of a 
magnet, its motion is resisted, if the conductor be forcibly 
moved against this resistance ; the equivalent of the 
energy so »pent reappears in th*; form of induced currents, 
and these may be expended partly or wholly in producing 
heat in the conductor. Supposing, now, that an eledtrolyte 
or compound liquid susceptible of decomposition is made 
to move or flow in a magnetic field. Is it not possible 
that some smaJl part at least of the work done upon the 
liquid may be transformed into potential energy of 
chemical separation ? In other words, that the liquid 
may be to some degree eledrolysed by the current pro- 
duced in it by magneto-elcdtric indudiion. 

Now although the whole of the phenomena of magneto- 
eledtric indudion, as far as solid condudtors is concerned, 
have received a most searching investigation by other 
physicists as well as by their illustrious discoverer, yet 
the produdtion of induced currents in liquid conduAors 
seemed worthy of a closer examination, and as I cannot 
find that anyone has yet attempted to settle the point i 
above referred to, I have endeavoured to reach some con- 
clusion upon it. 

Now tne inquiry divides itself very naturally into two 
questions : — 

(i.) Does the flow of liquid condud^ors in a magnetic 
field, such as the field between the poles of a moderately 
powerful eledro-magnet, give rise to sensible induced 
currents, — that is to say, can we with ordinary galvano- 
metric means deted them? Theoreticallv they are 
possible. It is not the less interesting adluafly to obtain 
them. 

(2.) Is the produdion of this induced current in the 
eledtrolyte accompanied by its chemical decomposition ? 

With regard to the first question, it is well-known that 
Faraday made experiments at Waterloo Bridge, in order 
to ascertain if the flow of the water of the river Thames 
across the lines of the earth's magnetic force produced 
any sensible induced current. But ne was not success- 
ful. He does not say whether he tried the experiment 
with a stronger magnetic field and an eledrolyte of less 
resistance. 

In the course of his experiments on indudion he 
satisfied himself, however, that liquid condudlors could 
be made to take the place of solid ones, in the phenomena 
of eled^ro-dynamic indudion. He coiled a gutta-percha 
tube filled with dilute sulphuric acid round tne armature 
of his eledro-mag^net, and, placing platinum eled^rodes in 
the extremities, ne found that on making and breaking 
contad induced cunents were produced. Having 
repeated this, I endeavoured next to obtain the induced 
current by the movement of the liquid in a constant field, 
and the following were the experiments made before 
reaching any positive result : — 

ExpirimiHt x. — On one of the poles of an eledro- 
inap^gt ya> placed a deep circmaf dish, througfa the 
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centre of the bottom of which a pladnmn eMboit «ii 
passed. A similar eledrode wa«< placed at the orib- 
terence; the dish was then filled with salphiiric icii 
diluted to its maximum conduftivity, ep. gr. 1*23. It wn 
filled so as just to cover the eledrodei. A glasa padAc 
was provided to rotate the liquid. The magnet wbUk 
was used in all the experiments had the following 
dimensions : — Upright branches, 7*3 cm. diameter, 41 
cm. long; fixed on a base, zi cm. wide, 39 cm. long; 
and centres, 25*5 cm. apart. On these were bobbins of 
wire II cm. diameter, and 39 cm. long, and on the 
ends of the poles could be placed at pleasure pole-piecei 
or parallelopipeds of soft iron, 7*6 cm. wide, 5*8 cm. 
deep, and 17 cm. long. The platinum eleArodes weie 
conneded with a refledting galvanometer in another nam 
distant about 8 or 10 metres from the magnet The 
magnet was excited by 10 or 20 Grove's cells. 

The refledting galvanometer was excessively delicate, 
the coils being brought very near the needle ; this last 
was about 3 m.m. long, and attached to a small fragmeot 
of silvered mirror. Tne resistance of the coils was abo« 
aoo ohms. After having perfedly depolarised the elec- 
trodes, and ascertained that when the magnet was not 
*' made *' no movement of the liquid prodded a current, 
the magnet was " made,'* and the liquid rapidly rotated 
with the paddle. But no indication was given that conid 
with certainty be ascribed to induced currents produced 
in the liquid, whilst there were many difficulties that 
rendered accurate observation impossible. The chief om 
was that the eledrodes, being only fixed at one end, were 
free to vibrate, and the vibration or slight piovements 
caused by the rotation of the liquid gaVe rise to induced 
currents in the eledlrodes, which caused the galvanometer 
needle (o make sudden oscillattond firDm side to side. 
This experiment, which would, if successful, have beeo 
the analogy to that of Faraday, in which a copper plate 
is made to revolve over a magnetic pole, induced cuneots 
being created in a radical diredion. It was not porsied ' 
any further. 

Experiment 2. — After very numerous failures, and tr>*iAg 
a large number of diflierent methods for getting a liquid to 
flow with great yet constant velocity in a magnetic fidd, 
the following at last proved perteAly succes^:— A 
glass tube su>out 200 cm. long and 2 cm. in diameiei, 
had platinum plates 65 m.m. long and 15 m.m. viik 
placed along its inside and at opposite sides with their 
length parsulel to the axis of the tube (see Fifi 2). 
platinum wires were welded to the centres of these ^itti. 
and sealed through the sides of the tubes. Into the esdi 
of this wide tube two tubes of slightly lesser diameter 
were fixed, and these tubes came down until their ends 
just projeded within the top and bottom edges respsdinij 
of the platinum plates. Gutta-percha rings slipped oi 
the encls of these tubes served to press the pUtisBB 
plates at top and bottom tightly against the sides of tk 
wide tube, and rendered any movement of the |^ai0 
impossible. This is a very important detail, as vul he 
seen from what follows : — The tube so prepared was &td 
in a frame, which held it firmW between the poles sf si 
eledro-magnet (see Fig. 3). It was placed so as to k 
perpendicular to the line joining the poles« and t^ Eli 
joining the centres of the plates was at right aii^Biit 
the line joining the poles. The pole pieces wei« fto^ 
on the magnet, and the distance between their opfoirf 
faces was 25 m.m. To both ends of this tube haap 
glass tubes were fastened by short gutta-percha iSi 
the top was conneded with a syphon dippiag kbl 
reservoir 2'85 metres above the level of the floor (^f.iUbi 
lower tube led down into another reservoir on tlie mi 
The whole of these tubes were made of ordiany jp^ 
combustion tube jointed in lengths by gnttarfip^ 
connedtors, and all bends made of as great cunpaMpf 
possible to lessen the resistance to the fluid Ikiv.^M^ 
cocks above and below the tube coatainjiig iht fl^ffi 
plates served to regulate or s^ Ij^ Vpm^ ^& Mfl!^ 
was the same used in the lbrmm'-iiJiirpy iin |J R -~ Tim 
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b^tety WMM so Grova'i cella, and the cumnt throagfa the 
nugnet wat lc4 tbroogh a tadgcot salvuiameteT m an 
adjoining room in order to oba^e the constancy of the 
current. The liquid used was dilute sulphuric acid 
ap. (T. i'a4, temperature iS-3° C, and the reiitUnce pei 
cubic centimetre acrocs opposed faces I'agifi ohms at 
ao'8° C. The mirror E»'vanometer used to deteA the 
induced current was more delicate than that used 
experiment 1. It was placed in an adjoining room 
b^ond the influence of the eleflro- magnet, insulated 
wires conneSed it with the platinum wires, sealed into 
the tube, and a current reverser, which served also as a 
contofi breaker, and also to throw out of circuit the 
galvanometer, was interposed. Soch being the arrange- 
meat, the reservoir wa« filled with dilute acid, and the 
B^hon also carefully filled, the flow being restrained by a 
pinch-cock. The apparatus was then left for about forty- 
eight hours, until all traces of polarisation of the plates 
had vanished, and not the slightest current was indicated 
oo joining circuit with tlie galvanoscope. The liquid was 
then made to flow down, starting it suddenly or gradually, 
but still not the slightest movement of the galvanoscope 
needie was seen. The magnet was then " made," using 




.' This was frequently repealed, so as to leave 

■■ doobt bat that this effeA was due to the starting of an 
iMduMd onrrent in the liquid at the moment wben it 
conuneoced to flow. 

But now, although this was repeated very often, 1 
tfoniyt noticed that the needle would not retain any 
I— llliwf or ptrmaiuiii di/UcHon whilil thi Uguid con- 
ikmtd lUtring ttitk a uniform vtlocUy. 

It ia to be DOt«d that eince the galvanoscope circuit 
IKM tM>l eonpleted until after the magnet was made, this 
«■■ BOt do* to the ■«■« induced current on making the 

Ibat «u oh aann i waa thi*— cAat tke ftnt excimiov 
*«• aboM 10^ or 9f, it oMilfftMd bn<tanrda and 



■,Mtllw point •i'l 



swing c 



> the 



to the right, it dropped soon to 3°, 3*, r*, and after a very 
short time, although the magnet's Geld remained constant 
and the flow uniform, the galvanometer needle was 
making nearly equal oscillations of diminishing amplitude 
on either side of lero. On stopping the liquid, the needle 
gave a very slight but sudden jerk in the opposite 
direaion to that in which it first itarted. The full mean- 
ing of this wilt be pointed out presently. This experi- 
ment, repeated many times without failure when ODce 
the difKculties had been overcome, gives us experimentid 
proof that when an eleflrolyte flows in a magnetic field 
an induced current is produced in it, and its direAion 
follows the same law as in solids. The line or dtrefKoD 
of the current is from one platinum plate to another, and 
this dire&ion is at tight angles to the line of flow or 
; the tines of magnetic force are at right angles 
conlaining the line of flow and line of 






1 which the s 



s of this 



the galvanometer timing the biealu 
BO as to fall in with the period of oscillation of 
the needle, still no movement occurs. 
(1.) The platinum plates must be so fixed as to be inca- 
pable of making the slightest movement under' 
the greatest velocity of liquid ascd, because 
otherwise they will, by their movements, produce 
induced currents. 
(3.) The velocity of the liquid should be rendered as 
uniform as possible, and the strength of the 
magnet's field also constant. 
In the above experiment the velocity of the liquid was 
56'g cm. per second : this was ascertained by measuring 
the volume of liquid which flowed through in 35 seconds, 
and the velocity calculated from the dimensions of the 
tube. 

Having thus obtained practically the induced current in 
a proving liquid, the next question was attacked, viz., Is 
the electrolyte to any degree decomposed ? To answer 
this, the platinum plales were again moat perftSly depo- 
lariaed and the galvanoscope disconneaed, and the pla- 
tinum plate short-circuited by joining the wires attached 
to them. The liquid was then allowed to flow down, the 
msgnet being kept " made," and the circuit was opened 
just htfort the liquid was stopped. It may here be ob- 
served that the liquid was never allowed to run out so far 
as to empty the syphon, but only drawn off from the re- 
servoir down to a certain limit. The plates weie then 
joined to the galvanoscope, snd a slight sudden denefilon 
of the needle of a' or 3* took place in the c/fou'l/ direc- 
tion to that in which the induced current would have 
defleSed it under similar circumstances. This proved the 
polarisation of the eledlrodes to a certain degire, and this 
was conlirmed by the faa that the defleftion of the needle 
very soon subsided ; after a few moments it was sgain at 
rest at zero, and no further current could he deteficd. 
Now when I first tried this I obtained no opposite deflec- 
tion on joining circuit with the galvanometer, alter 
stopping the flow. I was not altogether satisfied with 
this result, since sometimes I found no trace o«.po'«"- 
sation, and at other times a very slight trace, which did 
not seem to increase with the length of time during which 
the acid was allowed to flow down. This was unsatisfac- 
tory, but on reflexion this appeared to be capable trf 
iplanation, thus r— As the liquid flows down in the field 
1 induced current Is produced. This current decomposes 
the liquid, and shows the decomposition by polarising the 
plates. But the rapid downrurii of the liquid cama awaj 
Mie fibn of deporited gases on the plates dmoM as rapidly 
H it it fbtmed. and so renden the po1arii*tion not 10 
gmtMitODgbttobe. The Tate at nbleh Am polarln. 
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tion is removed will of course depend on the velocity of 
the liquid. 

Now this is confirmed by two fads : — 
(i.) If the plates are polarised artificially — that is, by 
another weak current sent for a moment through the liquid 
— I found I could remove the polarisation much more 
rapidly by allowing the liquid to rush down strongly for a 
moment or tw^o than by merely short-circuiting the plates. 
This proves that the downrush of liquid will remove me- 
chanically the film of gases. 

(2.) I was enabled to render the polarisation much 
greater, and to make it increase — as it should to a certain 
extent — ^with the length of time during which the liquid 
flows, by the following device : — A tube of clean calico or 
coarse cloth, of the same diameter as the inside of the 
tube containing the platinum plates, was placed so that 
the flow of liquid took place down the inside of the cloth 
tube ; the platinum plates were just on the outside of the 
cloth tube. Now this arrangement offered but little re- 
sistance to the induced current, but it perfe<5lly prevented 
the film of gases or the polarisation from being swept off 
the tube. The decomposition went on just as before, but 
the evidence of it was now preserved in the polarisation 
of the plates. 

On repeating the experiment again, as before short- 
circuiting the plates, allowing the liquid to flow for 
30 seconds, opening the circuit, stopping the liquid, and 
then joining on the galvanoscope, I obtained a defledtion 
of 6° in the opposite direction to that which the induced 



current itself would have produced. 

After 10 seconds short-circuiting it gave only 3^; after 
20 seconds no defledion at all. On repeating again, 
but allowing it to flow for 60 seconds under the same cir- 
cumstances, a defledion of 10", due to polarisation, was 
indicated; after 15 seconds it had fallen to 5°; after 
45 seconds none at all. 

Now all this proves, I venture to think, that the plates 
are polarised, and that when joined to a galvanometer 
they give a current gradually diminishing in strength until 
it falls to zero, and that the amount of polarisation — as 
measured by the strength of current produced — increases 
with the time during which the eledlrolyte is allowed to 
flow. Here we have the decomposition of water produced 
by allowing it to move in a m.ignetic field of constant 
strength, moving so as to cut lines of force at right angles ; 
and this is the only sense in which decomposition by the 
aid of magnetism could take place. Herp we have no 
violation of the law of conservation, but an interesting 
example of the transformation of energy. The kinetic 
energy of the particles of falling water is partly trans- 
formed into potential energy of chemical separation in the 
film of gases deposited on the plates, which, at pleasure, 
re-appears as the energy of an eledric current. 

We are now enabled to explain why, in the Experiment 2, 
on first starting the liquid flow, the defledtion of the gal- 
vanometer needle was not constant, but returned soon 
nearly to zero. We see at once that, from the first instant 
when the flow begins, an opposing eledromotive force is 
brought into play ; the current, as it flows, builds up an 
obstacle against itself in the decomposed eled^rolyte, and 
the current due to the flow of liquid in the magnetic field 
stops as soon as the eledromotive force of the polarised 
plates equals that due to the velocity of the liquid, the 
strength of the field, and the distance between the plates 
when this point is reached. No further continuous eledric 
current will appear, because the plates are at the same 
potential. But, pradtically owing to the cause I have 
mentioned, some part of the polarisation is continually 
being removed, and there may be a very slight continuous 
current ; but it will not retain its initial value, as is the 
case with solid conductors. Now, if the eledromotive 
force produced does not exceed or equal that required to 
decompose freely dilute sulphuric acid — that is about 
1*7 volts — no evolution of gas could take place, and at the 
same time, after the first flow of current, no continuous 
dedric current will be produced ; in other words, the 



whole phenomena will resemble that produced when a 
Daniell's cell is coupled up with a voltaineter in circuit 
Accordingly, when we state that the elcaromotive forte 
per unit of length of a conductor moving in a field of 
magnetic force is equal to the produA of strength of 
field, into velocity of conductor perpendicular to lines of 
force, or — 

E = HV, 

it must be guarded by the statement provided the con- 
dudtor be not an eledrolyte, because if it is the equation 

must take the form — 

where c is the effedive eledlromotive force urging ronnd 
the current, and e^ is a counter ele^romotive force whose 
value is a function of the time from the beginning of the 
current, and which may vary from zero to E, E being the 
electromotive force which would exist if there were no 
polarisation. 

In conclusion, I should like to point out the bearing of 
the above fads on Faraday's experiment on the flow of 
the Thames at Waterloo Bridge. In his experiment be 
placed plates of copper in the river, conneded by a wire 
960 feet long ; and from the context I gather that be 
anticipated obtaining a continuous eledlric current, due to 
the flow of the Thames in a direction nearly at ligbt 
angles to the magnetic meridian. And since the "dip*' 
is a large angle, in this case we might have expeded to 
find a current traversing the Thames from side to side. 
Now, in the absence of any information as to the size of 
the plates used by Faraday, the velocity of the river, tbe 
resistance of the water, and the resistance of the galvano- 
meter, we cannot calculate what the strength of tbe car- 
rent or the eledromotive force really is. Bat the 
eledromotive force is certainly a small frai^ion of tbat of 
a DanielPs cell, and accordingly, by what has been sbovn 
above, even if Faraday's galvanometer could have deteded 
a current of the strength which would be produced, yet, 
owing to this polarisation of the plates, — even if all otiier 
canses of error had been overcome, — ^would effeditallj 
have prevented anything more than a transient current at 
first immersion ; and this would not have been detefiad 
unless the plates had previously been most carefiilly d^ 
polarised. 

Perhaps I may, however, venture to suggest a way is 
which it would probably be possible to obtain evidence of 
the induced currents produced in rivers flowing acnxi 
the earth's lines of force. If two non-polarinble 
eledrodes, e.g.y plates of copper in porous vessdsof 
sulphate of copper, were attached to a very delicate 
refleding galvanometer, and then placed in the Thasei, 
first both at one side close together conned^ with tbe 
galvanometer, and left until every trace of permaoeit 
current had subsided. If then the circuit be opened and 
one eledrode transferred to the opi>osite side of the livcr 
without removing it from the water, we ought to findoa 
making contad a permanent current due to the magneto- 
eledric indudion. Polarisation would be abolished, anl 
any current discovered should be due to the magneto* 
eledric indudion alone. Into the further questton, how- 
ever, of the magneto-eledric phenomena accompaayiif 
the flow of ocean currents and rivers, it is not pos iiM* 
here to enter. It is a question of the greatest intetctfi 
and one which will amply repay the attentioa tf 
physicists. 



Prof. H. A. Rowland (Baltimore) had listened witk 
great interest to Mr. Fleming's paper, but at the saa* 
ttme he had great doubt as to the liquid being d(OO0* 
posed in this case. When an eledromotive force of bkI 
small amount ads upon a liquid, there was no doiit 
about the current passing, but whether the liquid if ^ 
composed or not was another question. According lo.^ \ 
principle of the conservation of energy we caa cakdif 
the eledromotive force requireid to decompoie watofv a* 
t is far greater than that oC this c«pgrimf»t. fidfilipMi 
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explanation ieemed to him lo be the proper one, and we 
mutt look to the air dissolved in the liquid for the reason 
of this apparent departure from the law of the conserva- 
tion of energy. 

Mr. Klemi.m> replied aa follows :— With all deference 
to Pro£. Rowland's remarks, I eannot yet quite agree 
with hia conclusions. In his treatise on eleAricity. 
Prof. Clerk Maxwell states that polarisation is in every 
case 10 be held as evidence of chemical decomposition. 
There is no violation of the law of conservation of energy, 
and the mere presence of air dissolved in the liquid could 
never — without accompanyiHg chemical decomposition — 
give lise to the counter eieflro-motive foice of polarisa- 
tion, which experiment sho^^s to exist. 



ON PHENOMENA PRODUCED BY HIGH 

POTENTIAL ELECTRIC CURRENTS, AND THEIR 

ANALOGIES WITH NATURAL PHENOMENA. 

Bj GASTON PLANTli, 

'This question was a short time ago ventilated in a paper 
I had the honour lo lay before the Academy of Sciences.* 
Since then the following fails have been brought to notice, 
which I deem of interest as bearing Upon the same subjeA. 
By using a U-shaped voltameter full of salt water, and 
submitting it to the adlion of an electric source such as 
was used before, it was observed that — If, when the nega- 
tive wire ia plunged into one of the tube -voltameter's 
branches, the extremity of the positive wire — slightly bent 
back— be brought into contaa with the glass of the other 
branch, a little above the liquid, a sparkling cruvvn, or 
wreath, produced by the saline particles which cover the 
tube, will be at first perceived. On causing the wire to 
approach the liquid a depression is produced ; a luminous 
arc, hounded by radiating strix, appears along the glass, 
and becomes transformed into a demi-wrealh of sinuous 
outline, animated by a rapid undulatory movement. A 
peculiar, iacessantly increasing, rustling noiee is heard, 
jind some steam escapes in rapid jets, as if it came from 
a boiler under pressure. In a short time, the liquid which 
moistened the glass around the ele^rode having evapo- 
rated, these effefls cease; only, however, to recommence 
immediately afterwards. If the wire be immersed yet 
deeper, a closed luminous ring is formed; to this ring 
another succeeds, and we have thus a generation of bril- 
liant waves, in the middle of which the liquid is agitated 
by a rapid whirling movement. Sometimes around the 
eddying liquids small luminous irregular lings are seen 
detached from the glass and the elei^rode ; thea all these 
waves terminate by mutually mingling together, the liquid 
becomes completely luminous, and partakes of a violent 
ebullition. During this time the denedlion of a magnet- 
ised needle placed near ■'■- -■•—■• >- — '— ' 









The following experiment illustrates a curious effeft 
arising from the vaporisation of water by eleSricity : — If 
the positive platinum wire be introduced into an open ca- 

Killary tube, so thai the wire reaches the level of the 
>wer orifice of the tube, a rustling noise is produced on 
plunging it in ; and if it be lifted up again, a sudden slight 
iletonalion is heard, similar to that from a percuss ion -cap. 
The tube ia not, for all that, either broken or split ; but 
the lower capillary orifice, where the end of the platinum 
wire is, is rendered conical in form, and the glass is hol- 
lowed into a funnel shape. Nevertheless there has not 
been a discharge (properly so called), for the electrode 
produces no noisy spark, either on entering or leaving the 
liquid ; the phenomenon is purely mechanical, due to the 
■odtlen entry of the air into the tube. The intensity of 
the noise is remarkable when we consider the acantiness 
of tbe annular iptce between the wire and the tube, and 
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that the tube is open at both ends. We have, however, 

by the energetic displacement of free air ; and it may be 
conjeilured that wherever an empty space is made by so 
rapid a motion as that of eledricity, this sort of ettctrie 
clap will be produced. If the capillary tube be closed at 
top, the phenomenon is reproduced with great facility. 

When the platinum wire is restored to the open|tube the 
vapour bubbles formed at its extremity break the current; 
as they condense the liquid is drawn up into the tube to 
re-fill the empty space thus formed, and rises to the upper 
portion, whence it falls back again in sparkling filets. 
Fresh balls of vapour re. form and condense, the liquid re- 
mounts, and the phenomenon reproduces itself in an inter- 
In the previous experiments the positive wire was in 
contafi with the U tube : if this wire be plunged into the 
liauid without touching the glass, luminous globules 
{already described*) animated by a gyratory movement 
will be produced. The length of the liquid column is not 
an obstacle lo their produAion ; it appears to behave as 
the insulating plate of a condenser. When the negative 
wire is deeply immersed, and the liquid around it thus 
kept strongly negative, the luminous globules formet! at 
the positive pole disappear without sparks at the negative 
pole, and allow the eieitricily they enclose lo flow into 
the air Or to the surface of the liquid. But, when the 
negative wire is only slightly immersed, if the positive 
wire be also immersed its immersed surface is soon found 
to be greater than that cf the negative wire, by the 
spherical agglomeration of the liquid in its neighbourhood. 
The current then traverses the \-ollameter, instead of re- 
maining accumulated at the surface, and the properly 
called discharge is then produced with a noisy apatk, 
fusion, or volatilisation, of the eleftrode at the negative 

Several conclusions may be drawn from these phenO' 
mena, in explanation of the etfe^s of atmospheric elec- 

First of all we meet with representation of various kinds 
of lightning Hashes. The elefirified globules formed by 
the aqueous vesicles of the clouds may be produced or 
dissipated without explosion, and bo give rise to eleftric 
glimmerings ^or flashes without thunder, as are sometime* 
seen in the middle of storm-clouds). We can also under- 
stand how eleftrified globes, observed near the ground, 
may be harmless under certain circumstances, may pass 
near observers without striking them, may locate them- 
selves on telegraph wires without melting or volatilising 
them. The phenomenon just described under the name 
of cleftric thunder-clap may illustrate the noise of thun- 
der,— not that there is in this case a discharge as at the 
time of the thunder- Stroke ; but this experiment ofiera an 
analysis of the noise which is produced at the time of the 
cessation of all elcdtricat effect powerful enough to have 
previously vaporised or volatilised the material opposed to 
Its passage. 

The same series of experiments explains the crackling 
noise of waterspouts; the mist which is formed around 
them, likened lo that which leaves a steam-boiler j the 
silent flashes which rend them ; the iire-balls at their ex- 
tremity i and the bubbling agitation of the waters when 
they touch the surface of the sea. These meteors may 
be compared to positive liquid or vapour elefl rode s from 
which the powerful cleilric currents of storm-clouds escape 
cowards tbe land or sea ; and, if they are not accompanied 
with fulminating efl'efls. it is because the condudiiag cloud 
accompanies them to the earth, and because there ia not 
in that case a properly called electric discharge, any more 
than in our experiments. The conical form of water- 
spouts may he explained by the tendency of positive etec< 
tricity to fashion itself to a point under certain conditions. 
As to their gyratory motion, though the eledric flow seems 
to produce by itself whirling effefis, mechanical aOioos 
I may also account for them, and we can only affirm 
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that ele&ricity i« the caute or cffeA of il. Ele^city 

Slkyi a most important part in these meteocs, and if the 
escending movemeiit appeals to be the natural moticro OT 
watenpouta, the aufiion eSeAe repeatedly observed when 
the doud'Cone reaches the surface of the ground 



may be explained by the vaporisation which the escaping 
eleftric tortent produces, by the empty space lesulting 
from it, and the tendency of all matter 



1 these e 



there. 

We also recognise 
phenomena of polar a\ 
crowns and demi-crowns of brilliant rays, 
outlines animated 1>y an undulatoiy movement ; the crack- 
ling noise attending them \ that luminous effervescence 
which has been compared to a sea of flames \ the conden- 
sation of vapouis ; and the magnetic stonns accompanying 
these grand natural phenomena. The concaveness of the 
luminous arc in the voltameter, turned towards tbe point 
whence the positive elcdiicity flows when compared with 
aurora arcs turned towards the earth, shows that the Sow 
of cleAric currents broueht from the Equator by the upper 
winds takes place from &t regions of high atmoipberes to 
those still more elevated. These currents — by clashing 
against the polar frozen clouds, which correspond to the 
■aline particles and the damp glass of the voltameter — 
become transformed into heat and light, and vaporiae the 
polar clouds, which fall down condensed as abundant 
■now* or rains.* Thus the polar auroras are not due to 
discharge* between the elcaricity of the air and of the 
ground, but rather to dissemination into the high air — 
under a calorific and luminous form— of large masses of 
ele^city proceeding from the surface of the terrestrial 

Lastly, if we may still further extend these analogies, 
we meet in the foregoing phenomena (such as these elec- 
trical globules endowed with a gyratory motion, or whirl- 
wind! detached &om eleSrified matter, luminous at their 
periphery) with an Infinitely small reptodu&ion of the 
possible manner of formation of celestial bodies,— spheri* 
cal or annular, — and a rapid representation oF their deve- 
lopment until their extinflion or transformation into space. 
One is thus led to believe that— in the consideration of 
the Grst impulse given to the work of creation, or the 
number of different movements impressed upon ethereal 
matter in this work — we ought to take into account 
this particular mode of movement which constitutes 
eleSricity, although it be masked under the more striking 
appearances of heat and light. 



NOTES. 

Th8 meeting of the British Asaociation for 1S76 will be 
held at Glasgow, and will commence oa September 6. 
Sir Kobert Christison, Edinburgh, has been nominated 
president eleA, and tbe vice-presidents chosen are the 
Duke of Argyll, Sir William Stiriing- Maxwell, Sir 
William Thomson, the Lord Provost of Gla^ow, Dr. 
Allan Thomson, and Prolessor A, C. Ramsay, The 
meeting for 1877 will be held at Plymouth. 

During the meeting of the Association at Bristol there 
were two tmriu in the Colston Hall. The first was under 
the Mipices of (he Bristol and Bath Microscopical 
Societies. At the second several eledrical inventions were 
exhibited. The display of telegraphic apparatus, which, 
to t certain extent, was an historical one, contained the 
original instrument of Wheatstone and Cooke, which was 
used OD the first telegraphic circuit, vix., that between 
Pa^iogton and Slough. 
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Compttt Rtndmt Htbdomadairit da Stantti dt FAtadttM 
dt* Stimeit. Vol. Ixixi., No. 7, Anguat iB, 1875. 

On the BleArle ConduAlrity of iDdiflerently- 
ConduAing Bodies. EfeArie PoUrisation of Me- 
tals.— By the Count Th. du Moncel.— An abatraa win 
appear in our next number. 

On Processea of MagnetiBatioo.— J. M. Gangun.- 
The author, who eays the process of magnetisation dsuUt 
called " double touch " may be analyied in t^ nmr 
manner as that of " single touch," proceeds to ■ubItkii 
on theoretical grounds. 



ConsiruAion of Lightning.ConduAtira for BIk. 
trie Telegrapha.— M. Schaaek,— (See p. iii.) 

EleAric Voting Apparalu*.— An »econat of It* 
apparatus has already appeared. (See page 13.) 

AmaUs TcUgrapkiques. Third Series, Vol. fi., 
July and August, 1875, 
General Application of T-Iron in the < 
tion of Telegraph Lines.— By De la Taille^ I 
of Telegraph Lines. 



Lenoir's Autographic Apparatna.— Abstradt of iIm 

and the two following papers will appear in an eartynnte 

A New System of Vision Telegfraph.— A. Uxi. 

Metallic Thermoacope for the Control of Hi|U 



Signals.- E. Hardy. 
Note on Brooks's Insulatote,- 



-M. Gangaia. 



TELEGRAPH SHARE LIST. 



sEr.. 


«.....„.„.,. 


I«id 


IS* 


^s 




E 

AD 


sw 






ID 


Btulllu Submuiue 


£| 










?» 










































g=",i'Sr,;Sr,s.r'.'":! 












10 


oSSiaz"'.'""-":: :; 


511 


wt-g 








" 
















aS 


























"^"' 


WH»mi;n.U.S.7percutiMU.B. 


AU 


■gj 




fi 






















s 




IM 




IBJ-M 



9 



ucyRiCA^NfWS,> 



Advertisement, 



111 



THE 



ELECTRICAL NEWS 



AND 



TELEGRAPH IC REPORTER. 



A ^yStKLY JOURNAL DEVOTED TO EVERY BRANCH OF ELECTRICAL SCIENCE. 



Edited by WILLIAM CROOKBS, F.R.S., S-c. 



PUBLISHED EVERY THURSDAY, Price 4d. 

Annual Subscription^ post-free, including Copious Indices to the two Half-Yeafly Volumes, £i 

Half-Yearly do., I05. ; Quarterly do., 55. . 



CONTENTS OP No. I. 

On Tubttlftr Eleftro-MafBcts with Multiple Cores, by the Count du 
Moncel, Membre do I'lnstitute de France, &c. — The Copper-Zinc 
Couple and ita EffeAs, by J. H. Gladstone, Ph.D., F.R.S., Ac- 
Phenomena Produced in Liquids by Eledlric Currents of High Poten- 
tial, by M. Gaston Plante— A Method of Measuring Eledtrical Re- 
sistance of Liquids, by W. J. Wilson— Proceedings of the Physical 
Society. 

No. IL 

EleArical Vote-Rcfister*— Tests of a Magneto- Eledlric Machine, 
by Prof. B.C. Pickerinc and D. P. Stranse— The Distribution of 
liagaetisni hi a Thin Plmte of Great Length, by Jules Jamin — Spe- 
cific GraTitv and Magnetism of Iron — The Post-Office Telegraphs 
and the Railwmya— Proceedings of the Physical Society : New Form 
of Mafneto-SlMtrical Machine. 

No. in. 
On a Vaennm which will not ConduA Electricity, by William 
Crookes, P.R.S., &c.— Studies on Fridtional Eledtricity— The Distri- 
bution of Ma^etism in a Thin Plate of Great Len£[th, by I. Jamin — 
Railway Signals — Gramme's Magneto - Eleftric Macnines. 

No. IV. 
The Copper-Zinc Couple and its Effedls, byj. H. Gladstone, Ph.D., 
F.R.S.— Canaes of DestruAion to Wooden F^>Bts, by M. Bourseul — 
The Telegraph in China— On Quadruplex Tele^aphy — The Telegraph 
in Senegal— Mr. C. E. Spagnoletti's New Railway Eledtric Signal- 
Correspondence. 

No. V. 
On the Destruction of Westend Church Spire by Lightning, b^ J. 
W.Clark-— The Hughes EleCtro-Magnet and some of its Applications 
— Railway Signals, bv J. Dutton Steele, C.E.— Distribution of Mag- 
netism in Bundles ot Very Thin Plates of Infinite Length, by Jules 
lafflin— Tests of a Magneto-EleCtric Machine, by Prof. E. C. 
f4ckering and D. P. Strange— Correspondence. 



No. VI. 

On the Changes of Temperature whtck occur in Pasiage of an 
Eledtric Current from One Metal to Another— Causes of Destruction 
to Wooden Posts, by M. Bourseul— Sir William Thomson's Method of 
Deep Sea Sounding by Pianoforte Wire— The Government Telegraphs 
— Correspondence— Notices of Books. 

No. VII. 

The Government Telegraphs— On IndudUon Current! Produced in 
Telegraph Wires, by M. Lsgarde— ExplaAation of M. Schwendler's 
Double Balance Method of Duplex Telegraphy, by W, P. Johnston 
—On the Blearic Resistance of Air— On Unipolar Condnaion of 
Electricity through Gas Layers of Different CondttAivity— The 
Telegraph in Russia. 

No. vin. 

A New Method for the DeterminatloB of a Lots of Insulation in 
Submarine Cables, by Emile Lacoine— History of Magneto-IoduCtion 
Machines with Uninterrupted Current of Invariable DireCtfon—An 
EleAric Photometer— On the Vibrations of Mirror lutmraeata— 
Explanation of Mr. L. Schwendler's Double Balance Method of Duplex 
Telegraphy, by W. P. Johnston— The Telegraph Conference at St. 
Petersburg.. 

No. IX. 

Inaugural Address of Sir John Hawkshaw, F.R.S., the President of 
the Biitish Association for the Advancement of Science— Distribu- 
tion of Magnetism in Bundles of Very Thin Plates of Finite Length, 
by Jules Jamin— On Sutical Electricity and Superficial Tension of 
Liquids— Note on Schwendler's Duplex, by A. Eden— Pneumatic 
Relay Telegraphs for Long Distances— History of Magneto-InduCtion 
Machines with UninterruptedCurrent of Invariable Direaion— Notices 
of Books. 

Each Number of the Journal also contains Abstracts of all Memoirs on Electricity, Magnetism, and Telegraphy which have appeared in 
Foreign Joomals. Telegraph Share List. Commercial Notes. Specifications of Patents, &c., &c. 



TO ADVERTISERS. 

THE ELECTRICAL NEWS AND TELEGRAPHIC REPORTER is an cxccUcnt Adver- 
tising medium for — 

PUBUaMBRB OF SCIBNTIVIC WOKKS. 



PsoancTUsis op Public Compamibs. 
CoNSTaucTORs, ENoiMaaas, amd MacuAMicuMS. 

COMPAVlia IN WANT OP EMPLOYES. 
CBBMItTS SUPPLYING BaTTBRV MaTBKIALS. 

E1.BCTRIC AMD Pnbumatic Bbll Fittbrs. 



Electric Horoloqists. 

Gutta-Pbrcha and India-Rubbbr Manupacturbrb. 
Electrical and Philosophical Instrument Maxbrs. 
Manupacturbrb of and Dbalbrb in Insulatino and Porous 

Cups, Battery Jars, ftc. 
Wire Manufacturers and Workers, &c. 



SCALE OF CHARGES FOR ADVERTISEMENTS. 



£ s. d. 
Five Lines (fiftv words) or less, in column . . ..036 
Each additional line 006 



£.M. d. 

Whole Page .. .. 300 

Whole Corumn or Half Page ,. i 10 o 



Special price for Outside Pafe when at liberty. Smaller Advertisements same in proportion.] 

Contracts made /or Repeated Insertions, 



Advertisements shotdd be addressed to the Publisher, and sent not later than s o'clock on Tuesday 

in each week. 



U^im&U i BOV COOAT, LUiXSATB BILL, £.C. 



* . . I 



Advertsements. 



EucmeuVx 



FLETCHER'S NEW UNIVERSAL FURNAC 

(GAS), 

I'or Muffles, CnidblcG, Ladlet, and all 
purposes required in a Chemical Laboralory, 
working wiih ceitaimy at any definite tem- 
perature required, up to or 




It may be used 
table, and will fuse 
n in thirty-live minutes, 
being visible 



HOT-BLAST BLOWPIPES, 
And, other tipecialilies in Laboratory 



THOS. FLETCHER, 

K.C.S., 

13 & 15, SUEZ STREET, 





TO TELEGRAPH ENGINEERS AND INSTRUMENT HANUPACTURBR8. 



WALTER HALL, 



EVERY DESCRIPTION OF TELEO R APH IC APPARATUS. 



Silk and Cotton -Covered Copper Wires suitable for every liiod of EleAricsl Inatrumeoti, 

German Silver Wires for Resistance Coils. 

Coils for Elefiric Belis. Needle and other Inatrumenu Wound and Tested to order. 

India-Rubber, Gutta-Percha, and other kinds of Insulated Wire, requisite in Gtting-up Elearic Bella te AM 

and other purposes. 
Telegraph Cables fur Submarine, Subterranean Aerial Telegraphs, Mines and Guonciy Ezpciimenta; ikl 

Naval and Engineering purposes. 



!, TiHue Guti 



L-Pcrcha, Paraffin. 



Indla-RubbH and 8hall-La 



WORKS-MANSFIELD STREET, SOUTHWARK, S.%. 

City Offices and Warehouses — 21, ALDERMANBURY, B.C. ■• 

Insulated electrical wires 



J. & W. RICKARD, 



-A-SHSOtriairE iaO-A.X) mills 



London Addrew ;— Mr. OALE. a, Otittcr Lane fTwo Door* fnta Chwpatdc). 



■t the 6ac;, 8or Cwt, IUJcm* HOCSX: 



^ 



THE 



Electrical News 



AND 



Zdit4d by 1 

yokes, F.R.S.t&c.\ 



TELEGRAPHIC REPORTER. irrJ^sss^M 



or 
broMd, 



I. — No, II.] 



Thursday, September g, iSy^. 



iPovt F; 



tBB,4itf. 



CONTENTS. 



is:— 



PAOB 



lal Notes on Qudniplex, by A. Eden X29 

srmiiuitioo of Fanlta in Submarine Cablea 139 

5lrical ApMuratnt iMed in Modern Blasting Operatkna . . 131 
il Instrnekion in Elearicity and Magnetiara, at the 

:e Schools, Soath Kensington 132 

136 

PONDBNCB. — The Government Telegraphs 137 

;iCAL Science in Foreion Journals.— Lishtning Con- 
rs — New Electric Experiments— Change or Volume of 
chouc through Heat — On a Universal Meteorograph 
mdted on a New System — On the Emplo>[ment of Zinc 
De-incrustant in the Interior of Steam 'Boilers— A Pro- 
for Telegraphic Connedtion of a Moving Train with the 
ibouring Stations— Automatic Pneumatico-Eledtric Con- 

>r Railways 138 

kcialNotbs 140 

lAPR Share List 140 

8 X40 

PATENTS. PATENTS. 

lERTsoN, Brooman, and Co. (established 

• years) continue to obtain Patents for Inventions. Pamphlet, 
ing special advice, gratis or by post.— 166, Fleet Street, 

Post free for 14 stamps, 

>W TO MAKE MONEY BY PATENTS. 

by post, or gratis on application, "Five Minutes Advice 
ing Patents for Inventions.** 

BARLO W ft CO.. 23. Southampton Buildings, W.C. 

TENTS.— Mr. Vaughan, F.C.S., British 

reign, and Colonial PATENT AGENT. Special attention 
o Inventions relating to Chemistrv, Mining, and Metallurgy. 
B to Inventors " Free by Post.— Offices, 67, Chancery Lane 
1, W.C. and 8. Honndg ate, Darlington. 

PROVED and ECONOMIC COOKERY, 

Use Liebig Conapniiy's Bxtrmft of Mtat as "stock" foi 
s, soups, made diahes, ajid sauces: gives fine flavour and great 
h. Invariablvadopted in households when fairly tried. Caution. 
line only with Baron Liebig*s facsimile across label. 

lYAL POLYTECHNIC. -New and Mar- 

vellous Entertainment, the CASTAWAY : or. The Unlucky 
r, commonly called Crusoe, with descriptive, buffo, and original 
l>y Mr.GEOROB BucKLANO,and two New Ghost Scenes. Twice 
It 2 and 9.— AUSTRALIAN MEATS, and How to Cook them ; 
:onomical Cooking, with Illustrations and Experiments, by 
Gardner. Daily.— ARCTIC EXPEDITIONS. Past and 
It, by Mr.'MALDBN. with Sailor in Full ArAic Costume.— Many 
Ente rtainments. Admission is. 

)YAL POLYTECHNIC—New Ledlure, 

^BW ZEALAND ; or, the Southern Wonderland, bv Mr. I. L. 
profuselv Illustrated with Photographs by the Author. D. L. 
Y F.R.G.S. Admbsion is. 

JOHN PAGE, 

(Latt Page ft Tibbs), 

47, BLACKFRIARS ROAD, S.E., 

tinues to supply the Trade with Phosphorus, Chlorate of Potash, 
Acids, Pyrotechnic and all other Chemicals, Pore and Commtrcial 
Lowest Prices. 

SPECIAL QUOTATIONS ON APPLICATIOM. 

47, BlackfrUrt Road, 8«B. 



THE 



QUARTERLY JOURNAL OF SCIENCE. 

Edited by WILLIAM CROOKES, F.R.S., ftc 

No. XLVII.. 3fii/y. xSt^, price 5s. 

I. Variation in the Obliquity of the EcUptic. By Col A. W. Dray* 

son. R.A.. F.R.A.S-, ftc. 
II. The Rights of the Thinker. 

III. Another View of Levitation. 

IV. The History of our Earth. 

V. Difficulties of " Darwinism." 

VI. The Mechanical Adtion of Light. By WilUam Crookes, F.R.S., 
&c. (Illustrated) 

Correspondence, Notices of Scientific Works, Progress of the Various 

Sciences, ftc, ftc. 

London : 3, Horse-Shoe Court, Lndgate Hill, B.C. 

THE CHEMICAL NEWS 

AND 

JOURNAL OF PHYSICAL SCIENCE. 

Edited by WILUAM CROOKES, FJ?.5., &e. 

Published every Friday, price 4d. Annual Subscription, post^fretf 
including copious Indtces to the two half-yearly Yolnnes, £1, 



In Addition to articles on Scientific and Applied Chemistry, and tha 
various branches of Phjrsical Science, tnis Jooraal contains an 
encyclopedic list of chemical papers publishM abroad during the 
previous week, with abstradts ot all susceptible of advantageous 
abridgment, thus makiag the two half-srearly volimes, with their 
copious indices, equivalent to an English edition of the " Jahres- 
berichte.** 
London ; Boy Court, Lupoati Hill, B.C. 

WILLIAM FOX, 

Wholesale and Retail Chemist, 

8UPPLIB8 

BARYTBS, CHLORATE POTASH, 



▲no OTHBR CHBMICALt, 

Pure and Commercial, at Marktt Pricet. 



Price List post free on appUeMum, 



109 ft III, BETHNAL QREEN ROAD, 

LONDON, E. 

JAMES WOOLLEY, SONS, & CO., 

69, MARKET STREET, MANCHESTER, 

DEALERS IN 

CHEMICAL AND SCIENTIFIC APPARATUS 
CHEMICAL RBAQENTS, ftc, 

roa THB USB OP 

Analysts, Science Teachers, and MAMurACTlNTU. 

Pfic9 LUU M «#^HMfia«. 



Advertisements. 



FLETCHER'S NEW UNIVERSAL FURNACE 



(GAS), 




For Muffles, Crucibles, Ladlet, and all 
purpoEcs required in a Cbemical Laboratoly, 
working with certainty at any definite lem- 

pcratuie requited, up lo or 



without blast 01 



HOT.BLAST BLOWPIPES, 

And othci Specialities in Laboratory 

Apparatus. 



THOS. FLETCHER, 

F.C.S., 
13 & IS, SUEZ STREET, 





TO TELEGRAPH ENGINEERS AND INSTRUMENT MANUFACTURERS. 



WALTER HALL, 



EVERY DESCRIPTION OF TELEGRAPHIC APPARATUS. 

Silk and Cotton -Covered Copper Wires suitable Tor every kind of EleAiica] Instruments. 
"Qerman Silver Wires for Resistance Culls. 

Coil* for EleAiic Bells. Needtc aod other Instruments Wound and Tested to order. 
India-Subber, GuiCa-Percba, and other kinds o( Insulated Wire, requisite in 6tting-Dp EleAric Belh lot deaou 

' and other purposes. 
Telegraph Cables for Submarine, Subterranean Aeiiai Telegraphs, Mines and Gunneiy Experimenti; atefx 
Naval and Engineering purposes. 



Ebonite, TIUDC CotU-Percha, Paraflin. 



[ndl a- Rubber and 8he1I-Lac Vamlahea, Ac., auppllcd. 



WORKS-MANSFIELD STREET, SOUTHWARK, S.E. 



ClTV OfPICBS . 



Warehouses— 



, ALDERMANBURY, E.G. 



4NSU1-ATED ELECTRI CAL WIRES. 

J. & W. RICKARD, 

HauDladute all kinds of Silk or Cotton Covered Copper Wires. Thorough Insulation. CondnOivity go per as 

guaranteed. 

London Addreaa :— Mr. GALE, 3, Gutter Lane (Two Ooora from Cbaapifds), 



TftiCAL News,) 
jpt. 9. X875. / 



Determinalion of Faults in Submarine Cables. 



129 
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Vol. I. No. 11. 



)DITIONAL NOTES ON QUADRUPLEX. 

By A. EDEN. 



writing the paper on Quadruplex, which appeared 
: Electrical News of the 2nd inst., a series of 
ments — based on considerations connected with the 
f current through the " Bridge " wire-^have shown 
le most advantageous arrangement is made by in- 
l one coil of the differential receiving instrument 
en the point f (Fig. 2, page 123) and the adjusting 
mce — forming the arm c with the other coil of the 
ment as in the figuic— and, instead of the instru- 
coil marked a, a resistance equal to the instrument 
: is inserted ; that is to say one arm of the bridge 
leading to the line) is formed by the half coil of the 
intial instrument ; the other arm of the bridge con- 
of a resistance equal to this coil ; the remaining 
ment coil forms part of the balancing resistance, 
unpolarised relay placed in the Bridge wire worked 
no condenser being required. 

5 keys were joined up as shown in Fig. 2, the battery 
led to K having 40, and that conrte^ed' to k^ 80 

although no inconvenience resulcM when k was 
30 and Ka 120 cells.* 

e line experimented on was 98 miles in length, of 
I about 4 was unierground and the remaining 94 

suspended wire. 

the close of the last experiment the mileage 
ation was 1,274,000, and the condudivity mileage 
3hms. 

reference to Professor Zetzsche*8 remarkf regarding 
ifficulties consequent on the reversal of the current 
; the unpolarised relay is depressed, I may add that 
der to prevent the '* split " which is likely to be pro- 
i in the Morse signals by this reversal, the local 
ry connc(5lions can be arranj^ed so that the circuit is 
nually closed through the Morse coil ; but when the 
ture of the unpolarised relay is in the position of 
a shunt is inserted which weakens the current through 
dorse so as to release its armature. When the relay 
iture is depressed in the slightest degree the shunt is 
1 out of circuit and the Morse aded on. 
lis method, although working the local battery 
er, makes it possible for the relay armature to be 
d slightly from the *• bottom-stop " (on which there 
o connexion) without interfering with the Morse 
als. 

is also much more reliable than any spring arrange- 
t, and has reference -solely to the interruption caused 
le movement of k while K2 is depressed, 
o interference is produced in the signals received on 
polarised relay by the movement of K2. 



we can eliminate the unknown resistance of the fault, t.^., 
the resistance opposed, at the place of the fault, to the 
passage of eledricity to earth, and then ascertain the 
distance of the fault from the end of the line. The 
current measurement may either be made simultaneously 
from both sides of the insulated condudor, in which case 
the distant end can be insulated or conneded to earth ; 
or both may be made from one side, the distant end 
being, for one measurement insulated, for the other con- 
neded to earth. As measurements of resistance are 
more accurate and easy to carry out, I afterwards changed 
the formula; for place of fault based on current measure- 
ments, to equivalent ones based on resistance measure- 
ments, having first fixed a unit and scale of resistance. 
Owing, howcVxjr, to the variability of physical properties 
of the place of fault, determinations based on the formula! 
obtained are but seldom pradlicablc in cable laying, and 
only so where the fault is a consiJerable one, i.e.^ has 
little resi.-tance. 

Recently, Messrs. Clark and Jenkin have ma^e known 
two methods for determining the place of a fault which 
mostly remedy the evils of my previous method. Mr. 
Clark insulates one end of the line, and inserts between 
the other end and the earth a galvanic battery and a known 
resistance. With the help of accurately agreeing elc<flro- 
meters, the difference of potential of the battery pole 
connedled with the resistance, and of the cable end, are 
measured ; also the potential of the other insulated end 
of the line. Thi;* latter gives the potential at the place 
of the fault in the line; then, if w represent the inserted 
resistance, P and P' the measured potentials of its ends, 
p the measured potential at the other end of the line, — 

P-P' : uf = F'-p : x; 

X denoting the resistance of the line from the station 
where the battery is inserted to the fault. Hence — 

«,(p'-/) 

Provided the measurements of P, P', and p are simul- 
taneous!, and made cither in absolute measure or with 
accurately agreeing instruments, the variability of resist- 
ance of the place of fault is without influence on the 
result. The injurious influence of polarisation of the 
place of fault is also really eliminated. The difliculiics, 
however, of the three simultaneous measurements at 
different places are very great, and it is also difficult to 
reach the necessary accuracy in eledlrometer measure- 
ments. 

Mr. Jenkin^s method consists in measuring simul- 
taneously the current going through the fault and the 
potential of both ends of the line. For this purpose a 
battery with galvanometer is introduced between one end 
of the line and the earth, while the other end of the line 
is insulated. Both ends are connedled with ele^ro- 
meters. In Mr. Jenkin*s formula — 



ON 



Ar = 



■v/f 



In 



P+-^J-PV\/v- 



k J+P'^ 



TERMINATION OF FAULTS IN SUBMARINE 

CABLES. 



v/? 



a recent paper to the Berlin Academy, Dr. Werner 
mens discusses various points conneAed with the sub- 
ging of cables. The following is an abstrad of what 
says with reference to testing for faults : — 
The theoretical basis for such determination of faults I 
'C in 1850. From two measurements of current or 
istance two equations are obtained, with aid of which 

♦Danieirt interiialTesistance 10 ohms per cell. 
\ Electrical Nbwb, vol. i., No. 4, p. 4a. 



in which x is the distance sought, k the resistance of unit 
length of the line, J the current through the galvano- 
meter, in absolute measure, and P and P' the potentials 
at beginning and end of the line, in absolute measure ; 
the loss of current through the insulating sheath of the 
condudor is taken into account. As, in the case of 
small cable faults (determination of which is always the 
most difficult), the imperfedk insulation is an essential 
element, Jenkin's formula would be of great value if the 
limnXianeoui measurement of a current strength and two 
potentials, in absolute measure, in different places, and 
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with the necessaiy accural, did not render it less avail- \ n 
able in piadkal work. 

From what has been said, it will be seen Chat a method 

of determining faults can be reliable only if the very 
inconstant resietance and Ihe variable polarisation of the 
place of fault be lendcred unprejudicial by it. For fault! 
with great resistance, there is added Ihe condition that 
the insulation current, i.e., the current passing throuj-'- 
the mass of the insulator throughout the en'"" ' '"" 
the faultless cable, be taken into account i 
The method must, further, be quickly and 



I believe these conditions lo be in e 
by the following method : — 
Let A B (Fig. i) denote (he faulty cable 

FIG. I. 



length of 
liminated. 
ily carried 

fulfilled 




of Ihe fault, whose resislanee at 
ment-xicFOsFH. Let ac = p be Ihe measure of poten- 
tial which a galvanic battery introduced between a and 
the earth produces in the cable end. Then c h represents 
the fall of the current going through the fault, and f. r the 
potential in p, if the other end of the line at b is insulated. 
At B also there will be the potential f, if, as we may 
suppose for the present, the cable iheath, as far aa the 
fault F, ia perfeflly insulating. If we now draw a straight 



gives ififorrai 



e eleftromotive force. [Dr. Sicmen* give* imk 
further details on this point.] The mca*arcmetiti in 
determination of the fault can be simply effeded thiii>- 
Station A inserts a battery between cable end and eutli; 
the charge and polarisation of the place of fatilt haviH 
become constant, A and B read off the defleaion of this 
galvanometers, and A then breaks the contad of the caUt 
end with the bee battery pole; B perceives ttus bjrtke 
diminished defiedtion of his galvanometer. He ant- 

deflexion obtained, and then brings the like free pole of 
:ontaa with his cable end. Station A tkci 
tion by an agreed sigDit, whether Ut 
galvanometer has been more or lesi defleAed than fft 
was. B now increases or diminishes the cleAiDmotiTc 
force of his battery, till he receives a. signal from A that 
equality of deflexion has been reac;h<^. For contml, 
A and B then alternately conned their batteries with Ik 
cable end, and correft the eleflromotive force niitilttii 
produces the same deflexion at the other end of the be. 

Instead of the foregoing method of remoring tk 
influence of variability of physical properties at the pin 
of fault, by making the determinant meararc 
both ends of the line as simultaneously as p 
that the fault for both may be regarded as coi 
same end may be attained by making the i 
potential of the place of fault = o. 

If we conned with one end of an insulated c] 
conduftor the positive pole, and to the other the Di _ 
pole, of an earth -connefied galvanic circuit, the car** of 
tension cuts the cable in the middle, if the coDdiidgiii 
insulated and homogeneous, and the batteries have e^ 
ele^romotive force. By insertion and rcnuival of nstb 
ances between the batteries and the correspondi^ c^ 
ends, we may displace this tensionless point in tlwcdk 
at will. If it is so displaced that it coiocidet with ik 




line through o and e, d b is the measure of a potential P' 
which if, conversely, the cable is insulated at a, com 
municates the same potential (> to the place of fault f, 
which it formerly received through p from A. Now tht 
Uiangles c t e and n h e are similar ; hence — 

r-f.P'-t-x-.r. 

where x and ji denote the distance of the fault from the 
two ends A and b of the line. Since x+y is the known 
length of the line, the position of the fault is thus 
exaftly determined. Supposing the resistance and polar- 
isation are the same in both measurements, which are 
close one upon the other, they are without influence on 
the result of the measurement. Likewise the Imperfcfl 
insulation by Ihe sheath of the conduAor is. in that 

if the fault lies at the middle of the line, or near it! 
If, on the other hand, it is near one end, a corredion l 
can easily be made, which compensates the influence | 
•ufEcienlly. The measurements of potential can be 
effeaed with sufficient accuracy, if each station be j 
furnished with a sensitive mirror galvanometer (to which I 
any degree of sensibility can be given by a regulable i 
branch circuit), a very great resistance (some millions of 
aaiu), u>d the means of conatrufling a battety of deter- I 



place of fault, no current goes Ibrongh the fanit ; «Wd 

IS thus without influence on the current strength of ik 
I cable ends and the form of the curve of tension. 
j In the annexed scheme of tension (Fig. 3) let i 1 
I represent the cable, c E and D f equal resistances, bamI 

B r equal but variable resistances, and, further, cjisi 
I the line of tension of the faultless cable, the diffciM it 
I of potential o c _ j B will be increased, and, 
I band, the difference of tension DH-FK will be 

if a fault occur at m. If, now, station 

variable resistance, E A and station B, at the ■amctia', 
I diminishes his variable resistance B F, till at both stsiioat 
I the formerly measured difference of potential — 

I QC-JB = HH-FK 

, is restored. The dotted line □' M h' is now the liae > 
I tenBion, and the resistance inserted at A, removed at Ik 
is the measure of the displacement of the tei ' 
point in the cable, as also the meaaiire of the 
of the fault from the middle. If the meaMin 
corre^ly done, the resistance removed at the omt «■!>■ 
must be eaual to that inserted at Ihe other. Tit 
difference o{ potential, cc — b] otdh — vi; can, aimtb 
former case, be meaaured by discharge of a coadcsMt 
ihe coatings of which an conaeftcd with C and ■ (* 
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B and f), or by deflei^ion of a sensitive galvanometer, 
lh« wire ends of which arc connedted through very great 
resistances with c and f (or d and f). 

[Dr. Siemens proceeds to consider the case of a sun- 
dering of the cable, either in its metallic core alone, or 
throughout the sedion, and suggests improved methods 
of determining the place of fradture. For particulars of 
these, however, the reader is referred to Dr. Siemens*s 

Saper, which will be found in Poggendorff's Annalen, 
To. 6, 1875.] 



ON ELECTRICAL APPARATUS USED IN 
MODERN BLASTING OPERATIONS. 

The applications of eledricity in mining operations havex 
greatly developed of late years ; and the older methods of 
blasting are being extensively replaced by others that are 
swifter, more certain, and more economical in their 
results. An instrudive paper on the subject, in the 
AnnaliS de Chimie et de Physique, by MM. Champion, 
Pellet, and Grenier, describes some of the principal recent 
improvements in this diredion. We here give an abstrad 
of the portion relating to apparatus used in generating 
eledricity for the purpose in question. 

Of induction apparatus , the Ruhmkorff coil, though 
powerful, must almost be relegated to the class of 
laboratory instruments, owing to the delicacy of the 
batteries required for it, and the trouble of their mainten- 
ance. In certain cases, however, it may with skill be 
used successfully in blasting. M. Gaiffe has construded 
for medical uses, a very compadt form of the Ruhmkorff 
coil, excited by elements of chloride of silver of remark- 
able constancy. This can be used for indudion fuses ; 
but it is not altogether free from the disadvantages of the 
Ruhmkorff coil. 

In Markus's apparatus (which is an ingenious modifica- 
tion of darkens) a piece of soft iron, moved by a spring, 
turns rapidly before indudion bobbins placed on a magnet, 
and furnishes a series of currents, whose succession, as 
rapid as the movement of the armature, produces a 
current that may be considered continuous. It is useful 
for simultaneous explosion of a large number of fuses, 
and is generally employed in Germany. Wheatstone's 
apparatus, used in England, is based on the same 
principle. 

The Gramme and Alliance machines, owing to their 
volume and high price, can be used only in particular 
cases. 

The instrument known as Coup de poing Breguet 
consists of a piece of soft iron which one separates 
suddenly, hy a blow of the hand, from the armature of a 
magnet which carries two indudtion coils. By a particular 
arrangement the intensity of the current is considerably 
increased by means of the extra current. M. Breguet has 
lately utilised in his apparatus the laminated magnets of 
M. Jamin, the united plates of which give a much greater 
intensity, for the same volume, than ordinary magnets. 
The magnet and bobbins must be enveloped in a caout- 
chouc bag, or covered with thick insulating varnish, on 
account of atmospheric moisture. 

The theory of the Breguet exploder is briefly this :— At 
the moment of detaching, a first instantaneous indudtion 
current is produced in the wire. When the piece of soft 
iron (i.e, armature) is in contadt with the polar surfaces 
of the magnet, the poles of the latter are at some distance 
trom the armature ; when the armature is removed, the 
poles shift towards the extremities of the magnet. It is 
just as if the magnet were moved parallel to itself in the 
interior of the bobbins. The current is produced, as in 
Faraday*s experiment, by influence of a magnet suddenly 
introduced into a bobbin. So long as the armature is 
withheld, the apparatus is inert. On ceasing to press 
back the armature, it returns quickly to contad with the 
poles, and a second cnnoat it produced in the wire of 



contrary diredlion to the former, but equal intensity. 
The adlion of the current is more energetic the more 
rapid the movement of the armature. 

The extra current (it is known) is an induced current 
which the diredl current develops in a condudking wire ; 
it only appears at the moment of a change in the eledric 
state of this. During part of the movement of the arma- 
ture in Breguet's instrument, the spring continues applied 
to the screw, and it is only at the end of the movement 
that separation takes place. The two ends of the 
bobbin wire are connefted, one with the spring, the other 
with the screw; thus, while contadl lasts, the extra 
current is not manifest. We have therefore to consider 
two different moments, (i). The armature is separated 
from the polar surface, but contad between screw and 
spring persists. (2). Both armature and spring are 
separated. 

At the moment of withdrawal of the armature the poles 
are displaced, and an induced current is developed in the 
bobbins ; but, the circuit being closed by contad^ of screw 
and spring, this current gives no manifestation in the 
exterior circuit, owing to the considerable resistance it 
meets. This induced current has produced a second, the 
extra current, by indudtion on the wire itself. 

The movement of the armature continues ; the poles, 
displaced more and more, produce a stronger current, and 
then the spring separates from the screw. The current, 
no longer finding passage in the short circuit, traverses 
the conducing wires. The secondary current, developed 
after the first movement, is manifested with energy in 
consequence of the sudden interruption, and as it is in 
the same diredtion as the first, it adds its effedls to it. 

When this contad^ of the short circuit is broken, the 
current is sent into the line ; and not only the current 
produced during the after movement, but the extra 
current produced during the first part of the movement. 
(Experience will determine how spring and screw must 
be placed so as to obtain a current of maximum 
intensity). 

MM. Roussel and Delambrehave disputed the existence 
of the extra current, but (on various accounts) their con- 
clusions cannot be admitted. The galvanometer is 
unfitted for measuring the force of the extra current, for 
(as is known) the influence of an eledlric current on the 
needle varies in contrary diredlion to the rapidity of the 
discharge. Hence the galvanometer communicating 
with the Breguet apparatus shows a number of degrees 
less, when there is interruption, the inertia of the needle 
not having time to be overcome during the short duration 
of the current. If the interrupter be suppressed, the 
current develops only gradually in the long circuit ; it 
cannot, as in the preceding case, circulate round the 
bobbins, and, in proportion as the intensity augments by 
withdrawal of the armature, it adls on the magnetised 
needle. 

Coming now to electric batteries ; those for inflamma- 
tion of tension fuses (of the Abel class) produce explosion 
with a current of high tension and weak quantity made 
to adt on a conducing powder. Abel mentions as some- 
times convenient, the use of the Volta pile with 150 
couples; the elements, separated by a ring of flannel 
impregnated with acidulated water, are held by a screw, 
which is undone when the pile is inadive. The metallic 
rings are about 617 centimetres diameter. 

The Leclanch6 battery, of the smallest model, is suited 
for the same application, by its constancy and eledro- 
motive force. (The authors describe a modification of it 
they have devised for the purpose.) 

The Daniell and other batteries can be used. The 
ingenious arrangement of sulphate of copper elements 
adopted by M. Trouv6 in his eledro-medical apparatus, 
also gives eood results. The elements, arranged in 
tension, are fixed in a planchette of hardened caoutchouc. 
To put the pile in adion, the elements are immersed in 
water for several minutes, and enclosed in a caoutchouc 
case. The water absorbed by the porooB rings surround- 
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ing the elements keeps the battery in a^ion several 
months. 

Of batteries for inflammation of platinum wire fuses, 
the ordinary Bunscn pile, with nitric acid, produces acid 
vapour, and is rapidly used out. The use of a saturated 
bolution of bichromate of potash in a porous vessel gives 
tliis battery a duration of about eight to ten days, and is 
not attended with any liberation of gas. Its eledro- 
motive force, though considerably weakened, is sufficiently 
great for the purpose in hand. This pile, so arranged, is 
the only one. suitable for explosion of automatic torpedoes, 
where the circuit is closed by the shock against the ship. 
It is exempt from phenomena of polarisation. 

The Leclanche battery, again, may serve for the 
inflammation of platinum wire fuses in many cases. 
This battery does not appreciably wear out while inadive. 
Its constituent parts are a zinc cylinder, a porous vessel 
' containing bioxide of manganese and retort charcoal, and 
a saturated solution of chlorhydraie of ammonia. The 
battery is of nearly absolute constancy, on condition that 
the resistance of the circuit is exadly the same as that of 
the battery ; but, in these circumstances, the produdion 
of eledricity is weak, and quite insufficient for inflamma- 
tion of fuses. If only a feeble resistance be introduced 
into the circuit, the pile furnishes a greater quantity of 
eledricity, but is rapidly polarised, and this polarisation 
persists till all the hydrogen has been consumed by the 
bioxide of manganese. Hence the more energetic the 
effed sought from this pile, the more time it will take to 
return to its first intensity; and if the circuit is accident- 
ally closed by any cause, the adion of the pile will cease 
for a longer or shorter time. To this, no doubt, may be 
attributed the little success of the pile in application to 
torpedoes, which require apparatus of assured adion, 
however long the time of accidental closure of the circuit. 

With proper precautions, however, we believe the 
Leclanche pile may be utilised advantageously in the 
present connedion. For application in war and in 
mining industry, the zinc surface may be considerably 
augmented. M. Gaiflfe has construded Leclanche piles 
of large model ; the cylinder of zinc being replaced by a 
plate of the same metal about 5 cm. broad. Absolute 
precision for the moment of inflammation is not so much 
required in industrial operations. MM. Leclanche and 
Bautier have lately replaced the porous vessel by a 
cylinder formed of a mixture of bioxide of manganese and 
charcoal compressed in a hydraulic press. Thus one 
avoids the use of fragile vessels, while conserving the 
properties of the battery, and the eledromotive force is 
considerably increased. The Leclanche battery may be 
easily employed, when the eledric post is not subjed to 
frequent displacement. 

There is a class of batteries in which contad of the 
elements with the liquid is only effeded when the battery 
is to be used. 

Of these, the simple and economical WoUaston pile 

(with ,»oth sulphuric acid) does not give energetic effeds, 

unless with large surfaces of zinc. The Ruhmkorff pile, 

as we have sought to improve it, consists of two parts, 

a vessel of hardened caoutchouc, and a plate of the same 

material, supporting the elements. Perpendicularly to 

the plate are .fixed, with screws, a series of plates of 

hardened caoutchouc, intercrossed so as to form a series 

of prismatic cases of square sedion ; the compartments 

are open at their lower part, and pierced at their upper, 

so as to permit escape of air. In each is fixed a plate of 

zinc held by a screw. The positive elements are formed 

of thick plates of charcoal placed on the partitions, and 

resting below on a ledge of hardened caoutchouc, covered 

with a fragment of vulcanised caoutchouc. Along the 

axes ofthe charcoal pieces, a hole is bored, into which 

we introduce a small lead cylii^der qlosed at one extremity, 

and into this penetrates a bjn^ii^g screw fixed on the 

plate. The lead is to proted f he. .screws from contad 

with the liquid, which oft^ jp^qeV^tes the charcoal 

pieces by capillarity. It wUfbc understood that the 



charcoal held on three sides cannot be broken by shock. 
Suppose the vessel filled with the bichromate ol potash 
solution, and the troughs immersed some centimetres in 
the exciting liquid. The elements all communicatiag 
together, by the liquid, the current has but feeble tension; 
but when the battery reaches the lower part of the vesi^ 
the elements are separated from one another, and ad in 
tension. The separation of the compartments is efieded 
by means of a plate of caoutchouc placed at the bottom 
of the vessel. A battery of this kind, with 9 elements, 
is amply sufficient for all military operations, and will 
inflame simultaneously several fuses of average resist- 
ance. 

M. Trouv6 has modified the Marie Davy sulphate of 
mercury pile, and ronstruded elements of small size, 
effeding simultaneous inflammation of several fiises. 
They are formed of a hollow cylinder of ha f dcncd 
caoutchouc, on the surface of which is cemented the 
charcoal. 

For the case where the circuit must be closed either by 
the shock of a ship against a torpedo, or passage oC tkie 
enemy by a particular point, we have constnaded an 
automatic pile (of the class now under consideratioa) 
which has some similarity to an English arrangement. 
(For this the reader is referred to the original.) 

In all industrial applications which require a frequent 
displacement, the bichromate pile with a single liquid ii 
evidently that which, with small form, furnishes the moit 
energetic effeds. M. Gaifl'e has adopted the foUowiaf 
arrangement, which fulfils the conditions of economy and 
solidity. The elements, formed of plates of sine and of 
thick and short pieces of charcoal, are fixed by means of 
screws, on a board of wood furnished with two handles, 
and the communications established by movable plates 
of copper. The solution of bichromate is contained in 
sandstone vessels arranged side by side. The suxiacei 
of the zinc plates is about 30 square centimetres ; sai 
150 to 200 c.c. is introduced into each vessel. Theae 
piles are easily repaired, and do not require any fecial 
precautions. The dimensions may be reduced so as to 
render it portable. 

[We propose to recur to this paper of MM. ChampioB 
Pellet and Grenier, and give some of their observations 
on the theory of fuses.] 



PRACTICAL INSTRUCTION IN ELECTRICITY 

AND MAGNETISM, 

AT THE 

SCIENCE SCHOOLS, SOUTH KENSINGTON. 



Through the kindness of Dr. Guthrie we are able to give 
details of the course of pradical instrudion in Eledridty 
and Magnetism now given at South Kensington. In 
conduding these pradical courses. Dr. Guthrie \m^ 
from time to time, had the co-operation of ProL W. F. 
Barrett, Prof. G. Carey Foster, Pro£. Goodete, 
Mr. Haddon, Prof. Pedler, Dr. Pike, Prof. MazweH 
Simpson, Mr. W. J. Wilson, and Dr. Wormell. For 
Science teachers the courses on Light and Heat han 
been somewhat extended, and Dr. Guthrie hopes nest 
year to be able to extend Molecular Physics, Sound, Elec- 
tricity, and Magnetism in a similar way. 

The Student is direded to make the following appa- 
ratus : — 

in.) A glass tube for eledric excitation. 

Glass tube about 18 inches X } inch. TlM^gongh^A— 
and dry inside (this, is venr impcntMit), dote Al 
round one end, fuse edges of oth^ €iid« 
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{b.) Amalgamed silk nibber. 

Piece at felt 6 inches iquare. Thoroughly dry Knd 
warm ; while warm maiden with paraffin oil in which 
a little solid paraffin has been dissolved. Dry off the 
oil as much as possible, then cover on both sides with 
lilk. Smear on one eide some amalgam mixed with 
no more lard than will juat Euftice 10 make it adhere, 
dilating a little dry amalgam over. 

(''.} Balanced glass tube. 

Glasa tube about iz inches y J inch. Clean and dry 
inilde, close and round one end, nearly close other 
end. Balance on edge of triangular file, mark centre 
with file. Softe.i one side of tube at centre in 
Bunsen burner, push in side with point so as to make 
conical cap. Avoid having file scratch at apex of cap. 



Cut ball4 roughly to ihape with knife, finish with file or 
glut paper. Thoroughly dry and warm silk thread 1 
wbile warm immerse in melted paraffin. Wipe off as 
much paraffin as posiiblc. Attach to pith ball. 
(«.) Proof plane. 

Citcnlar disc of gilt paper abQut i inches diameter, 
laitened on end of strip of varnished glass. 
An etedrified body attraas and is attraftcd by uneleflrified 
bodies. 
Glut tube rubbed with silk, sealing-wax Tubbed with 
f!annel, hot brown paper rubbed with clothes' -brush, 
and paraffined paper rubbed wiih fingers, all atlrafi 
light bodieti 1 the excited paper adheres to wall, paper 
and excited balanced tube are altraded by hand. 
Show the j^iitence of two eleari cities. 

Sumended pith ball when repelled by excited glass is 
iViraded hg excited sealing-wai, and vice versa. 
T»'(K<^cited glast rods repel each other, two excited 
E^lJlac rods also repel each other, but excite! glasa 
attrads excited shellac. 
Mtk^ a gold-leaf eleOroscope. 

Clean and dry glass flask, fit with cork, bore cork and 
fit with piece glass tube about t inch long. Cut zinc 
diic 1} inch diameter (or use a penny piece), drill and 
solder to it a straight brass wire 9 inches long. Drill 
hole in edge of disc. Fill tube, previously cleaned 
and warmed, with clean shellac (or mixture of shellac 
and common resin), warm wire and push through. 
The efficiency of the instrument depends on insulation 
b^ shellac ; great care must therefore be taken to gel 
nd of all dirt or moisture. Fix glass tube in cork, 
varnish outside of glass. Clean wire and bend lower 
end roand into a hook, horizontal part being about 
! inch long and Sattened to receive gold leaves. Cut 
two strips of Dutch metal, say 3 Inches x i inch 
wide. Gum each side of hook and take up leaves. 
Shade from air-currents and place in flask. 
Test insulating power of metal, wood, twine, sealing-wax, 
glass, parxmn, &c. 
Chanie eleAroscope, connedl one end of substance with 
earth, bring other end intocontafi with cap of clc£tro- 
■cope ; note time in which eleAroscope loses itt 
charge in each case. Note dlfTerence between sub. 
stance used in its ordinary condition and same 
substance careftitly dried. 
Excite condufiing bodies, and determine quality of elec- 

Hold end of wood or metal rod in piece of vulcanised 
india-rubber sheet, excite rod by tubbing with fur or 
india-rubber ; test kind of eledricity on rod. 
Show that rubber is excited with opposite eledricity to that 
of bodji rubbed. 

Hake Bnall ptoOT pfawe with flannel Initead of gilt 
#apM-, nA •Mlhig-irax or ^1t-i»per curier irith the 
mmlated flaniMl ; test kind of elediicity on eacb. 



Show that kind of etedlricity depends on rut 
(a.) Rub sealing-wax with flannel and wil 
(b.) Kub brown paper with india-rubber, 



'ith flannel, 



{c.) Rub ebonite with silk and with amalgamed silk. 
Test kind of elcAricity developed in each case. 
Make spherical, cylindrical, and conical conduflors. 
Coat wood bail with gilt paper or tin-foil, and attach 
paraffined silk thread. Make cardboard tube about 
6 inches long, covered with gilt paper, and of such 
diameter that the ball just fits into it, and forms 
spherical end. Make gilt cardboard cone about 
t inches long, to fit ball in similar way. S>lk threads 
are to be attached to cylinder, and cone for sus- 
pending them. 
Determine relative distlibulion of eledticity on various 
parts of surfaces of above conduiflon. 
Insulate and charge conduiHoT. Test with small proof 
plane and eletSroscope. 
Show that a point discharges elcAricity. 
Attach fine sewing needle toinsulated conduAor, charge 
conductor by glass rod and proof plane. Test condi- 
tion by proof plane and eleiftroscope. Repeat experi- 
ment without the point. 
Examine condition of insulated ball under induAion. 
Suspend ball, bring excited glass near, examine near and 
distant sides of ball with carrier and eledroncope. 
Charge insulated conduiflor with negative eleflricity by 
indu<!llDn. 
Bring excited glass near, touch conduAor with finget, 
remove finger, then remove glass. Test eleSricily. 
Ascertain whether the part of the ball at which it is 
touched makes any diliercnce as to quality of elcAri- 
city which remains. 
Charge eleflroBcope by glass rod (a) with negative, (b) 
with positive eleiiricily. 
(a.) Charge by induction as in the preceding. 
{b.) Char^ by condudion with proof plane. Test 
quality in each case. 
Show that ele^riclty is found only on the extdriot of a 
hollow body. 
Suspend hat by insulating threads, charge wiA glass 
rod and large proof plane or by induilion. TSst Inside 
and outside with proof plane and cleAroscope. Note 
large accumulation found round edges. 
Prove that result found above arises from induOion by 
surrounding bodies. 
Test condition of table, &c., near charged hat. Place 
large condufiing ball, earth cooneAed, inside of hat, 
but not touching it. Now test inside and outside 
of hat. 
Make insulating plate. 
Class plate 10 inches X S inches. Thoroughly clean, 
warm, and varnish with shellac on both tidies. Attach 
silk loops as handles. 
Arrange and illustrate aftion of a condenser. 

Lay piece of tin-foil 7! inches x 6 inches, eailh con- 
nefted, on table ; on this lay insulating plate (the 
preceding), and on plate a second sheet of feil con- 
neded by wire to eledroscope. Charge upper foil 
with proof plane until leaves just begin to diverge ; 
cautiously lift plate and upper foil. Repeat experi- 
ment, lower foil being insulated. 
Construfl and use a Bennett's multiplying conde^er. 
Cut three sheet zinc circular discs, each about 3, uteres 
diameter, round and smooth edges, and fit each with 
varnished glass handle (like an eleOrophorus plate). 
On other tide of one disc (a) drop three little spots of 
sealing-wax. Fix handle of ihit disc in wood block 
so that disc is insulated with spotted side uppermost. 
ConneA it by wire with eleAroscope. Now ^ve a 
a veiy small charge of eleAridty. Lay a oil a, and 
momentarily tottcb s. Bemovg a, lay c on a, and 
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momentarily touch c. Place b in cental with c thas— 

B 



and momentarily touch a. Remove b, then c. Place 
B on A, and momentarily touch b. Place c in contadt 
with B, momentarily touch a, and so on, repeating 
operations ten or twelve times. In this way a charge 
far too small to afife^ gold leaves may be multiplied I 
to any extent. 

Make a Leyden jar with movable coats. 
Paste piece of tin-foil or metallic paper, 8 ins. x 15 ins., 
on card. Clean and dry glass jar. Cut tin-foiled card 
into two strips 4 inches wide, and cut off from each 
strip length fully sufficient to go round jar. Make 
outside and inside cylinders, using surplus pieces for 
bottoms. Cut two strips of tin-foiled card 3} inches 
X X inch ; bend ends, and paste across top and near 
bottom of inside cylinder at right angles to each 
other. Cast lead bullet on brass wire 9 inches long ; 
pass wire through upper cross-piece of card, and at- 
tach to lower cross-piece by a cork. Clean, warm, 
and varnish outer exposed surface of jar. 

Make a simple discharger. 
Cast lead bullets on ends of piece of stout brass wire 
about 6 inches lone, solder piece of brass tube } inch 
long to middle of wire. Fix glass handle in tube 
with shellac or resin. 

Charge and discharge jar. 
Outer coating being conne&ed with earth, charge knob 
with glass rod and carrier, use discharger. 

Investigate process of charging jar. 
Insulate jar, charge knob with positive eledricity, and 
test outer coat ; the repelled positive will be found 
upon it. Conned outer coat momentarily with earth, 
then conned knob with earth and test outer coat ; a 
free charge of negative will be found. Remove free 
negative charge and test knob ; it will have a free 
positive charge. 

Show that the charge given to jar is merely distributed 
by coatings to outer and inner surfaces of glass. 
Charge jar, remove and test coatings, replace and dis- 
charge. 

Charge jar negatively from positive source. 
Insulate jar, conned inner coat with earth, charge outer 
coat. Insulate inner and uninsulate outer coat. 
Test knob for free negative charge. 

Gradually discharge positively and negatively charged 
jars by pith ball carrier. 
Place knobs of jars 5 or 6 inches apart, suspend insu- 
lated pith pall between. The ball will oscillate be- 
tween the knobs, gradually neutralising the eledricity 
of one with that of the other. 

Make a Thomson's quadrant eledrometer. 
Circular disc of glass 5 inches diameter, with i inch 
circular hole in centre. On one side of this fasten 
with gum four tin-foil quadrants, leaving } inch space 
between edges of quadrants and between quadrants 
and inner and outer edges of glass. Conned opposite 
quadrants by slips of tin-foil or fine copper wire passing 
underneath. Thoroughly clean, warm, and varnish 
uncovered portions of glass. Support it on four pieces 
of stout barometer tube, each about 3 inches long, 
fixed vertically in circular disc of wood. Each pair of 
quadrants is to be conneded by wire with insulated 
knob on wood base ; the conneding wires may pass 
down two of the supporting tubes. The glass disc 
may be fastened on tops of tubes with shellac, or a 
short piece of brass wire may be cemented into top of 
tube» proieding slightly, so that a shoulder is formed 
on which ed^e of disc may rest. Make light fiat 
needle of thin gilt card, xinc-foil, or aluminium, 



4 inches long, with rounded ends, narrow at middle 
(somewhat like a dumb-bell). At right ang^ to 
centre of needle fix stouter slip of card or metal, about 
I inch wide x i inch long ; to upper end of this a fine 
silk fibre is to be attached, and on it — at right angles 
to axis of needle — a mirror of microscope glass, awst 
I inch diameter, is to be fixed. A small piece of 
magnetised steel is to be cemented on back of mirror. 
To lower side of needle, and in metallic connedioo 
with it, a very fine platinum wire about 2 inches k»g 
is to be attached. On centre of wood base under ^mu 
disc is to be placed a glass vessel about x^ inches 
high X 2 to 3 inches diameter, containing strong 
sulphuric acid, the outer surface of glass beingcoated 
with tin-foil, so as to form a Leyden jar. The tin- 
foil must be conneded with earth, and a wire with 
platinum end dipping into the acid and leading to an 
insulated knob will serve to charge the jar. The 
needle is to be suspended by silk fibre from varnished 
glass stem, so that it swings over c^uadrants as neir 
to them as possible without touching, the platinum 
wire dipping into the sulphuric acid. To use the in- 
strument, the Leyden jar is to be charged, the knob 
of one pair of quadrants conneded to earth, and the 
charge of eledricity communicated to knc^ of the 
other pair. The needle must of course swing so that 
its axis is over dividing line between pairs of quad- 
rants. Small motions of the needle are rendeted 
visible by throwing on the mirror a small beam of 
light, which is refleded by it to a graduated white 
screen at some distance. 
Magnetise sewing needle by discharge of jar throu^coil 
of wire. 
Make a small coil of wire on end of glass tnbe ; cover 
with shellac. Place needle within and discharge jar 
through coil of wire. Note diredion of cuncst 
through coil and consequent polarity of needle. 
Ascertain poles of needle by floating it on water. 
Suspend needle by fine thread from centre and keep 
for use. 



Magnetise soft iron wire with voltaic current, and 
results with preceding. 
Conned copper plate to end of wire coil previoady 
conneded with positive coat of jar and sine plate to 
other end. Immerse plates in dilute acid and place 
iron wire in coil. Test its polarity with suq«ided 
magnetised sewing needle. 

Examine adion of current on magnetic needle. 
Place zinc and copper plates in dilute acid, conned bf 
copper wire. Place suspended needle above, bdov. 
and on each side of wire. Observe defledion in each 
case. Placing zinc and copper plates at suffideot 
distance apart, examine diredion of current throng 
the liquid. 

Make astatic galvanometer. 
Wind about 50 feet of fine covered copper wire on wood 
block; remove wood; secure coil by tying with 
thread; insulate and stiffen coil by soiJdng with 
melted paraffin or shellac varnish. Make another 
similar coil ; fix the two coils side by side on round 
wood block, leaving about ^ inch space be tw e en them 
and soldering two of the free ends of coils together 
so as to make one continuous coil. Solder other two 
ends of wire to binding screws fixed aboot ( inch 
from edge of block. Lead ends of the wire also iato 
two little hollows cut in wood block by side of 
binding screws, so that these depressions may went 
as mercury cups : they are convenient for shonting 
the galvanometer. Bend stout brass wire into iltf 
topped arch and fix firmly in block; the straight 
portion of wire at top of arch havine upon itacoifc 
roller for raising or lowering nee<ues. MagneCiie 
two sewing needles and fix (widi opposita poke 
adjoining) i inch apart by means of tmaibtd te 
copper wire. On same axis, \ inch abovo npfcr 
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needle, fix glass thread about 4 inches long to serve 
as pointer. Suspend needles by silk fibre and attach 
fibre to cork roller. Cut card into circle 4 inches 
diameter and graduate circumference into degrees. 
Place (but do not fix) card in proper position over 
coil, supporting it on two corks cemented to board. 
Make needles as far as possible astatic. Place them 
in position and cover all with glass shade. 

Test delicacy and determine zero of galvanometer. 

Solder wires to ends of a pin and a needle, join up to 
galvanometer, push couple through cork so as to 
expose i inch of each metal. Dip into water and 
note deflexion. If necessary, dissolve some salt in 
the water or acidulate it, or if defledion too great 
shunt the galvanometer. Reverse current and again 
note deflexion. Repeat once or twice. Take mean 
of difference of deffedtions and move zero of card 
accordingly. Now fix card in position. 

Make a Daniell's cell. 

The materials to be used are : — The glass vessel used 
for Leyden jar, porous cell 4} in. x i| in., zinc plate 
8 in. X 5 in., copper strip 4f in. x i} in., 2 binding 
screws, copper wire, large bung which fits ^lass jar. 
Bend zinc into cylinder 3 in. diameter x 5 m. high, 
attach it firmly to the bung by means of one or more 
pieces of copper wire soldered to zinc and passing up 
through bung, connedt zinc also by soldering witfi 
binding screw fixed on upper side of bung. Similarly 
secure copper strip to the other binding screw fixed 
on centre of bung. Place porous cell in glass jar, 
nearly fill porous cell with saturated solution oi 
cupric sulphate and fill outer jar to same level with 
dilute solution of zinc sulphate. Place plates and 
cover in position. Conned binding screws by short 
piece of wire and test existence of current in the wire 
by magnetised sewing needle. 

ifoU, — ^The bottom of glass jar not being flat and jar 
being too deep, put some clean sand in bottom for 
porous cell to stand upon. It will improve porous 
cell if bottom and i inch of edge be soaked with 
paraffin. Put solutions back into bottles and wash 
plates of your cell every day when done with. 

Make a Wheatstone's bridge. 

Board 2 ft. x 4 in., two strips of copper 3 in. X i in., 
and one strip 15 in. x i in. Solder one end of copper 
wire to centre of each strip, using wires 30 inches 
and zo inches for short strips and 15 inches for long 
one. Fix short strips of copper at right angles to 
board and z} inch from each end; lead wires under 
board and up through one end, leaving loose ends to 
join to galvanometer. Fix long strip on board 
^ inch from edge, lead wire from it under board to 
binding screw at far end. Solder a stretched 
German silver wire to short copper strips. Under 
German silver wire fix a paper scale same length as 
wire and carefully divided into 100 equal parts. (It 
will be useful to subdivide these into 5 ; if the scale 
be i metre long the large divisions will be i centi- 
metres and the small ones millimetres). Solder 
binding screw on each end of long copper strip and 
on adjoining end of each short strip. 

Measure relative resistances of different lengths of the 
same copper wire by Wheatstone's Bridge. 
Insert two different lengths A and B of the same wire 
in the two gaps of bridge, join end wires of bridge to 
galvanometer, attach one wire of your cell to middle 
binding screw of bridge and lightly touch German 
silver wire with extremity of other cell wire. Find 
place on divided German silver wire where such 
contad causes no defledion of galvanometer. Then 
the lengths of the two portions of the German silver 
wire are in the same proportion to each other as the 
resistances of A and B. 

Find lengths of copper wires by measuring their relative 



resistances, the length of one of the wires being, 
known. 
Measure relative resistances as above ; the wires being 
all of the same diameter and material, the lengths 
are in diredt proportion to resistances. 

Ascertain relation between resistance and weight. 
Two copper wires of same length and of known but 
different weights being given to you, measure their 
relative resistances, and state relationship required. 

Ascertain effe^ of temperature on resistance. 
Accurately balance two copper wires in bridge ; heat 
one of them and note effedt on needle. Shorten 
other wire and so ascertain whether eflfedl of heat 
was to. diminish or increase the resistance, and by 
how much. 

Experimentally establish the laws of divided circuits. 
Insert i foot of fine copper wire in one gap of bridge, in 
other gap insert (a) 2 feet of similar copper wire, {b) 
2 feet of iron wire. Balance each against the copper 
standard ; note ratios. Now put both the two 
lengths of copper and iron together and balance, once 
more noting ratio. From your measurements, show 
the truth of the formula, combined resistance = 



__ G + S 



, where G equals the 2 feet copper wire, 



GxS 
and S the iron wire. 

Make a rheochord. 
Board 2 ft. x 3 in. Two uprights of wood z inch high 
firmly let into board i inch from each end. Cut off 
I inch of glass tubing having clear } inch internal 
diameter. Fit with small corks at each end, through 
which are bored two wire holes ^ inch apart. 
Thread the ends of steel wire through corks, then fill 
tube with clean mercury. Strain the steel wire in 
two equal lengths across to each upright, the wires 
being parallel, ^ inch apart and about | inch above 
board. Conned one end of wire to a binding screw, 
the other to a mercury cup ^ inch diameter and 
I inch deep sunk in board. Measure the resistance 
of your whole wire and make paper scale under wire, 
the scale being so divided as to indicate decimal 
parts of a unit. 

Make a set of resistance coils. 
Measure off (by bridge) lengths of silk-covered German 
silver wire having resistances of z, 2, 2, 5, zo, 20, 20 
units. Wind each length of wire on a cork or cotton 
reel and soak wire on it with melted paraffin. Make 
six more mercury cups zi inch apart, like the one 
already made, in a row along one edge of board of 
your rheochord. Fasten the bobbins of wire along 
' other edge in a row opposite interspaces between 
mercury cups. Lead one end of first coil of wire 
under board and up into first mercury cup, securing 
it below with a little shellac. Lead second end of 
first coil and likewise first end of second coil into 
second cup ; second end of second coil and first end 
of third coil both into third cup, and so on. Make 
seven thick copper wire staples z} inch long and 
turned down ^ inch each ena for conneding cups. 
Mark value of coil conneded with each pair of 
mercury cups on board between them. Fill cups 
with mercury. Amalgamate loose copper con- 
nexions. Note down temperature of room wherein 
coils were measured. 

Construft a commutator. 
In block of wood 4 inches square cut four parallel 
troughs i in. X ^ in. x z in. long and ^ inch apart 
in centre of board. Fix on cork two pieces of copper 
wire bent so as to dip into troughs, connecting nrst 
trough with second, and third trough with fourth. 
On opposite side of cork fix two other pieces con- 
neaing first trough with third, and second with 
fourth. Mount coric on horizontal axis over trooghs 
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80 that it can revolve and each set of wires dip in 
turn into mercury in troughs. 

Measure internal resistance of your cell. 

Make a circuit of resistance coils, rheochord (both 
short circuited) cell and galvanometer. Shunt gal- 
vanometer so as to get deBedion of say 20°. The 
total resistance of circuit is now approximately that 
of cell = jr. Put in resistance by coils or rheochord 
until the defledtion is reduced to, say 15°. Suppose 
this resistance to be 2| units, the whole resistance 
of circuit is now x+2k. The current being inversely 
as the whole resistance you have — » 

15° : 20° = ;r : ;r + 2j. 

Note, — In this experiment the current strength is 
assumed to be proportional to the angle of defle<5tion. 
When the defledlion does riot much exceed 20% the 
error is inconsiderable. 

Compare eledromotive force of your cell with that of a 
Grove's cell. 
Make a circuit of your cell, resistance coils (short 
circuited), and galvanometer. Shunt galvanometer 
so as to obtain deflexion of, say 40°. Introduce 
resistance so as to reduce deflexion to, say 35°. 
Note the amount of resistance required to do this. 
Take out your cell and put in the Grove's ; arrange 
circuit by putting in resistance so as to get again 
same deflexion of 40^ reduce defledtion by resistance 
again to 35% and note how much introduced. The 
cledromotive forces of the cells are in the proportion 
of resistance required to reduce defledlion 5** in each 
case. 

Measure internal resistance and eledlromotive force of 
two or more cells arranged in series ; also when 
arranged in multiple arc. 

Make a thermopile. 
Cut twenty-four pieces thick steel wire i inch long; 
harden twelve of them by heating to redness and 
dipping into cold water. Cut twenty-four parallel 
grooves in slip of wood 3 in. x | in. x ^ in., and lay 
hard und soft wires alternately in grooves. Screw 
another similar slip of wood on top so as to hold 
wires in position. Solder alternate ends of wires 
together with easily fusible solder. Solder short 
lengths of copper wire to terminal steel wires. 

Make two bar magnets. 

Two steel strips 4 in. x 8 in. x i. Cut ends square 
and clean. Harden strips by making them bright 
red hot, and dipping into cold water. Brighten 
portion of surface of steel by grinding. Lay steel on 
a piece of red-hot iron or hold it in large Bunsen 
flame until bright surface turns yellow, drop at once 
into cold water. Magnetise by drawing one pole of 
bar magnet along each. Note polarity produced, 
and mark ends with coloured paper. Keep magnets 
with opposite poles adjoining and conneded by soft 
iron keepers. 

Obtain magnetic curves. 

Place pair of bar magnets on white paper and sheet of 
glass above. Sprinkle iron filings from muslin over 
glass, and tap surface. Try in this way various 
combinations of poles with bar and horse-shoe 
magnets. 

Fix magnetic curves, 
(a). Make a solution of pall nuts. Brush over sheet of 
paper with solution ; remove superfluous moisture by 
blotting paper. Place damped paper over curves, 
presis evenly, carefully lift paper ; dry quickly, and 
shake off filings. A permanent impression in ink 
will be left on the paper. (6). Fix pair of magnets 
to one side of square of glass, coat other side with 
very thin gum water ; when plate is quite dry, dust 
$iie^ iion filings over gummed surface, tap, then 
iniiptt gently on plate. Gum is thereby softened 
^d curves fixed. 



D etermine distribution of power along a bar magnet. 
Magnetise long steel knitting needle, try by filings 
whether intermediate poles be present, if so re- 
magnetise and get rid of them. Magnetise a sewing 
needle and suspend it by silk fibre attached to its 
centre. Determine number of oscillations suspended 
needle makes per minute under influence of eanh 
alone. Call this number ** n." Fix knitting needle 
magnet vertically, and determine number of oscilla- 
tions sewing needle makes at uniform distance (say 
I inch) from various points along vertical magnet 
from end to end. Call these numbers 6, r, d, &c 
Then 6*-rt*, r«— a*, &c., express relative magnetic 
intensities of the various points. Plot out the curve 
of distribution of free magnetism from your number 
thus obtained. 



NOTES. 



The advantages of the eledtrical arrangement of Messrs. 
Stroudley and Rushbridge for communication between 
passenger and guard or driver, now in use on the LondoB, 
Brighton, and South Coast Railway, are obvious. A handle 
in each compartment of the train is conneAed to ft battery 
and bell in the guard's van. The handle, when pnlledont, 
can only be put back by a key which is in the possesaoo 
of the guard, and until this is done the ringing of the bell 
continues. A slip coupling is provided for disconnediog 
part of a train when it is desired to leave a carriage at a 
station without stopping. The cords hitherto used by the 
Brighton Company can also be connedted to the elediic 
arrangement. A push is provided for the use of the 
guards, and by means of a small slide the bell at the other 
end of the train can be kept ringing : the guard's basdi 
being thus liberated he can, if necessary, apply the break. 
The system was described by Mr. W. Smith, C.E., at 
the Bristol Meeting of the British Association. 

The work done by the combination printing telcgn^ 
instrument seems to be very satisfaAory. The Editor of 
the New York Telegrapher is informed that the fan 
printers and four operators In the Boston circuit, dufilend, 
adually accomplished more work than the quadrapla 
Morse with eight operators and eight expensive sets of 
apparatus. 

Respeding the rumours of pending amalgamatios 
of the Atlantic and Pacific Telegraph Coenpany vitb 
the Western Union Company, President Orton writci:— 
*( The Western Union Company can use to adfss- 
tage, and may absolutely require, within the neA 
twelve months, 10,000 miles of additional wires. If these 
additional facilities can be acquired by companies ncm 
using them in competition with us cheaper than we cat 
ered them, clearly it would be for our interest to boy est 
such companies rather than to ered new wires. Butve 
have made no proposition for the purchase of any cdn- 
peting lines, and no proposition has been mad^ to Jtt liok 
would be for the interest of the Western UnuB tt 
accept.*' 



.. I 



Arrangements are being made lkt^tninigk^l^^l^Ji9f.iS^fi 
establishment of a Law-Reporting Telegraph ConpanyitB ; 
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conned with offices of all legal gentlemen who become 
subscribers. Each subscriber will control a separate wire 
to communicate with the courts, and can be placed in 
instant communication with any law firm in the city using 
the telegraph. At each office will be placed a printing 
telegraph instrument, which can easily be operated, and 
capable of transmitting and receiving from fifteen to 
twenty words per minute. 

The American Distrid Telegraph System is now being 
introduced into New Orleans. 

It has been proposed that there Rhall be, during the 
Centennial Exhibition at Philadelphia in 1876, a tele- 
graphic tournament, which shall be open to all operators 
who may wish to compete with suitable medals and prizes 
for such as shall excel in expertness in transmitting and 
receiving by telegraph. 

The following statement shows the attendances and 
money received during the meeting of the British Associ- 
ation at Bristol: — Old l)fe members, 240; new life 
members, 36 (jCzsg) ; old annual members, 296 (£296) ; 
new annual members, 93 (£186) ; associates, 8S4 (£884) ; 
ladies, 672 (£672) ; foreign members, 17. Total attend- 
ances, 2249; total money received, ;£2397. The grants 
for subjeds conneded with Mathematics and Physics 
were the following: — Professor Cayley, Printing 
Mathematical Tables, ;Ci59 4s. 2d. ; Mr. Brooke, 
British Rainfall, £100; Mr. J. Glaisher, Luminous 
Meteors (£2$ renewed), £30; Piofessor C. Maxwell, 
Testing the Exadness of Ohm's Law (renewed), £50; 
Professor Stokes, Reflexive Power of Silver and other 
Substances (renewed), £20; Professor Tait, Thermo- 
Eledtricity (renewed), £$0 ; Sir W. Thomson, Tide Cal- 
culating Machine, £200. 

In a paper read before the Auckland Institute on the 
best route for a submarine cable between Australia and 
New Zealand, Dr. Purchas gives a preference to the route 
from Botany Bay to Ahipara Bay, near the North Cape, 
Auckland. The bay, he stated, was easy of access, sandy, 
and sheltered from a current which swept round the North 
Cape, the soundings showing an average of 750 fathoms 
along a ridge which seemed to extend from the North 
Cape right across to Australia. One fatal objection to 
the route from Botany Bay to Cape Farewell was that 
soundings which had been made showed the enormous 
depth of 2600 fathoms. The cable would also land on 
the wrong side of Cook*s Straits, the seat of Government 
being on the opposite side. 

The telegraphic service, since it was first established in 
France, has never until the present year been worked at a 
profit. Down to 1873 the cost always exceeded the 
receipts, the deficits having varied from 500,000 f. to 
4,500,000 1 annually. In 1874 the expenditure was just 
balanced by the income ; while for the present year the 
estimates show a surplus of 2,200,000 f., the outlay being 
set down at 24,500,000 f.| and the receipts at 26,700,000 L 
The profits duriog tho fim half of Ihe yesr amounted to 

about tfiQQ j /90Q (9 



Negotiations are said to have been opened between 
France and England for reducing the telegraphic rate 
between the two countries. 

Telegraphic communication has been opened with 
Gladstone in the northern agricultural distridls of South 
Australia. 

An iron telegraph pole has lately been eredlcd in New 
York. It is said to be lighter than a wooden pole of the 
same height, stronger, and capable of supporting a 
greater weight. It is constructed of a number of 
wrought-iron bars, rolled out the entire length of the 
pole, which bars are placed around light cast-iron cores, 
arranged at proper intervals from each other. The cores 
have seats or notches to hold the bars in their places to 
prevent their moving sideways, and the bars also have 
notches, into which the cores fit to keep them from 
moving up or down. Around the outside, where each 
core is placed, a ring or band of wrought-iron is tightly 
fitted, which holds the bars firmly in their places. Any 
number or any size of bars may be used, but it is found 
that six very light bars of angle iron arranged in this way 
afford a strength that fully meets that required for a tele- 
graph pole of 50 feet^in height. The cores are large at 
the base and are made smaller as they approach the top, 
which gives the column a graceful taper, and the whole is 
surmounted by a suitable crosshcad to hold the arms for 
the wires. 

The Diredl United States Cable is now said to be in 
good working order throughout, and its insulation perfedt. 
The line will be open for the transmission of messages on 
the 15th inst. The tariff for day messages to New York 
will be 2S. per word, but for night messages a redu^ion 
of lod. per word will be made. 



CORRESPONDENCE. 



THE GOVERNMENT TELEGRAPHS. 

To the Editor of the Electrical News. 

Sir, — Though not practically acquainted with the working 
of Government telegraphs, yet, as one of the public occa- 
sionally sending telegrams, I feel interested in the 
question how to reduce the expenditure of the service so 
as to render it remunerative, instead of remaining a 
financial drain. I have therefore read with much satis- 
fadlion your abstraded report of the *' Committee *' 
appo nted to investigate the matter, and your leading 
article commenting upon it. 

It appears to me that, economy being required, it 
should be chiefly enforced in curtailing the numerous 
entries attending each message, made at every station 
whether large or small ; and in simplifying other office 
work undertaken, apart from adual transmission of the 
message. I am informed that during the old companies' 
management the despatch of a message did not entail 
more than a small fradion of the registering, &c., now 
effeAed. 

Regarding the closing of those offices which do not pay 
their expenses (hinted at by the committee), and, speak- 
ing as one of the public, I think such a su^stioQ ought 
not for a moment to be seriously entertAiAtd, tt, mm 
the committee's own showing, the number of Audi' 
unpayin^ offices is veiy rapidly decreasing. In tMt 
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report they »how thai out of a total number of 3444 1 
oBices in 1S71, 73S did not pay ; and of 3692 in 1S74, 1 
only 449 were in a tike state. In other words, the per- 
centage of un remunerative offices in 1872 was 2i'i4 
against ii'iQ in 1S74 — a redudtion so great that the 
returns for this year may prove all of them to be proiit- 
able. 

Neither ought we to pay for addresses. My reason is 
that such a charge would fall heaviest on the poorer 
dasEes who live in localities where long addresses are 
frequently imperative. Let those who transmit arrange 
for a method of minimising the Uhour of signalling 
"addresses" and "service inBlrufllons: " and if any 
alteration be declared to average a greater number of 
words than the body of the message made in the tariff, 
let it be a redudion in the coat of the message itself (to 
encourage remunerative work) rather Chan an increase. 

Would it not be a good plan to forward to the receiver 
only the name of the sender P This is frequently done in 
fortign messages where the ttriff is high, and I have 
heard of no instance of confusion arising therefrom. If 
the sender then insists upon his full address being 
despatched, he might in all fairoess be charged a small 
fee. 

The present system oF telegraphs is such a boon to the 
public, and is so necessary to society, that it will neve 
do to introduce rules curtailing its benefits. If the won 
comes to Che worst let us accustom ourselves to bear 
yearly deficit for the sake of the enormous convenience 
placed within the reach of all.— I am, &c., 

One of the Pubuc. 
AnEuat 17, 1S7J. 
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Comptti Rtndui Hcbdamadairis dis Seancet dt V Acadtmit 

det Sciincis, tome Ixxxi., No. S> August 13, 1S75. 

Menitiur Indutlriil Btlgt, No. 53, September i, 1875. 

Neither of the above journals contkin anything suitable 

for our columns. 

Lit Mondi$. Vol. xxxvii., No. 15. August 11, 1875. 

Contains a description of MM. Voisin and Dronier's 
Electro -Catalytic Lamp -lighter, which was invented 
and patented some months ago. Briefly described it is 
as follows: — A small f;laEB vase contains an exciting 
liquid, and is placed inside a small wooden box, to the lid 
of which are attached two carbon plates and a zinc plate. 
The zinc plate is fastened to a rod projeiting through tht 
lid, and is kept above the liquid by a iflrSl spring, and 
the poles of the battery are led out from the box over 
above a small spirit-lamp of highly volatile spirit, such as 
paraffin ; the two poles being connefied t^ an excessively 
line piece of platinum wire. When the rod is pressed 
down, tbe zinc plate at its end is immersed into the liquid, 
and the current engendered renders the platinum wire in- 
candescent. The inflammable gas which surrounds the 
wick of the lamp, being immediately under Che red-hul 
wire, becomes ignited, and the lamp so lighted is ready 

No. 16, August 19, 1875. 
Lightning Conduftors.— The following are the results 
of investigations undertaken in France by a Commission 
to stndy the establishment of lightning condu£tors on the 
principal buildings of Paris, (i.) PoinU. — A stem con- 
tisti of ft condaaor rising to a certain height above tlie 

building*. Tbe point should have a mass and conduaivity I the inclination to incnaie or dMcaaM' by 
sufficient to rMJet a diuuptivediKbarge, Platinam points I tions of eledricity from the tone of 



ivcre found useless, and the Commission says — " Place U 
.\\e top of each stem an ■ arrow ' of pure red copper, about 
51J cm. long, with sides sloping upwards rj' towards its 
central perpendicular." (2.) Sitmt should be of wrooglit 
;ron,inone length, elightly conical. They shautdalsobe 11 
much as possible galvanised, but under no pretext what. 
ever should they bepajnted. The jointing between tbeitCD 
and the conduSor should be bolted, and well covered wick 
a thick coating of tin solder. (3.) ProUcling tont ofiacl 
sum. — For an ordinary coostiuaion the stem efficiently 
protefls the volume of a tout having the point ia 
Its summit, and the height of the etem — measured frotn 
ihe roof-ridge multiplied by 175— for radius of the bate. 
T^us a stem of 8 metres proteSs a cone whose base, 
measured upon the ridging, ■= 14 metres radios, « 
173x8. In praAice the stems may be a little further 
ajiart, on condition that the "circuit of the rooa"!* 
made use of. (4.) Circuit of Iht roofs means a metallic 
conduftor making a circuit around the ridges of the roof 
It must be in metallic connexion with the lightning coo. 
duftors of the building. (5.) Every metallic pitte of 
ciinsiderable in ass, forming part of the itnidDrt, 
should also communicate with the lightninf; rods. (6.) TU 
extremity of the rod ought to be soldered to a metallic 
plate or hollow cylinder, of as large a surface as possible, 
and immersed deeply into water. Wktn it it not ^auiiU 
lo rrach a skeit of natir tht ntahliskmtnt of a ligktwiiit 
conductor must bt ditcardtd, as it would provi a sourtt ^ 
ilanger rathir than a proticlion. (7.) The Commissioa 
recommends that condudors be completely iospedd 
at least Once a year, towards the end of autumn; 
moreover, their ele^ricai resistance should be tested peri. 
odically by ordinary processes. 

Contains ni 

Vol. ucxviii.. No. I, September 3, 1875. 
EleArie Polariaation of Minerals. — By the Cout 

du Moncet. 

New BleAric Experiments.— D, S. Stroumbo, Pis- 
fessor at the University of Athens. — The elcar^boni, 
as its name indicates, serves to give an eleAric sfut 
which arises from the influence exercised by tbe negatnc 
eleSricity (which the rosin disc receives on being nbM 
with a cat's skin) upon Che neutral elearicity of tbe npcr- 
poscd metallic plate. The lower surface of the dnisI 
plate — that which touches the rosin disc— takes pontife 
ele^ricity, and the upper side of the plate negative «!«■ 
tricity. Now, these eledricities being feeble, tbe acic 
and spark resulting from ihem are very taint ; but ihdt 
presence may be rendered evident to an audience I7 ikt 
following experiments : — (r.) The glass rod being ■■- 
screwed from the metal plate, let it be suspended bob s 
ring by four silk threads 1 and on its central spot place s 
small metal disc, to which is attached a copper itca 
whose other end is bent down. From the bent ad (» 
pend a small piece of gold-leaf. In this condilioo pin 
the plate upon the middle of the cleArified resin; m^ 
instantly Che gold-leaf is raised to a vertical poutiaa-« 
effefi due to the repulsion exercised symmetricalljbytk 
portion of the negative eleSricity of uie plate, and ot tk 
uncovered circular zone of the rosin disc. (1.) Tbe |cU- 
leaf being in its vertical and raised position take i«V 
the elcfiricity from half of the circular zone of tbe itas 
disc, taking care not to touch the metal plate. We Cba 
observe that the gold-leaf slopes towards that deaoM 
portion of the zone, being repelled with greater tai 
I from the opposite side. From the remaining sideitftkc 

zone now taxe away the negative elefiricity, aDdnM < 
I the gold-leaf re-adjasts itself to the Tertlcal peat 
(3.) Change tbe position of the tvuUl metal disc bv pat 
it near the edge of tbe larger one; the goldJeafi 
slopes in direSion over the edge, and we ffia^ 
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(4.) How move the large metal plate (the small 
maining in position as in 3) to the edge of the circular 
rosin dist; the gold-leaf will be found to auume almoat 
B horizontal iJire<aion. (6.) If. when the plateB are placed 
as described in the first experiment, we dn perse the nega- 
tive eleSricity on the large metal pUte, the gold-leaf - " 



of the deposit, either by hindering intimate contafi with 

I lie metal, or breaking the pellicles in the moment of their 

aimoat I r<innation, so as to efTeft a paasage.] The proportion of 

to be introduced is about 30 kilogrmi. per 100 horse- 

:r, for three months' duration — a coroparativeiy trifling 

nse, for one may utilise, for the purpose, parings and 

'lat are ofien treated as useless in work- 



thcri 






re elec- 



driven upwards into its vertical posi — - , 

Iricily— which was before at its under surface — dialnbuting 
itself uniformly over the plate and exercising its repulsive 
eftefl. On again touching the metal disc with the finger, 
the positive eledlricity ia dispersed, and the gold-leaf re- 
^ ..__ — _ ._ :.- r„...«» oi-.*- It :■ *^f ■^'Mirkfi, best 



. .. Itii. 

n a very dry atmosphen 



suitable 



to carry out these experi. 

RiptrtoriuBi fur Exper'minlal Phytik, 
Band xi., Heft a and 3. 

On the Arrangement of the New Physical Insti- 
tute at the University of Grai.— M. Topler. 

Qramme'B M»gneto-Ele<nric Machine.~M, Alfred 
Niaudet Breguet. 

Various Apparatus.— Dr. Plettner.— One of these 
is a relay for school purposes. It can be used 1 
for working current, or as one for constant curr 
Wagner hammer, or a mercury hammer. It v. 
for showing scholars how four different apparalus 
be developed out of one, by a simple alteration m 
conneflion of the parts. 

Change of Volume of Caoutchouc through Hi 
— M. PuEchl.— The conclusions M. Puschl arrives at 
these :— I- Caoutchouc is a body whose density at a 
tain temperature is a minimum. 2. The temperatun 
this minimum varies with mechanical stretching, an 
lower the stronger the stretching, 3. With unstretc 
caoutchouc the temperature of the minimum of density 
higher than the ordinary: it therefore approaches to this 
on heatine, and the coefficient of expansion ia positive, 
but with increasing temperature becomes even smaller. 
4 With strongly stretched caoutchouc the temperature ot 
the minimum of density is lower than the ordinary : the 
coefficient of expansion is therefore negative, and increases 
numerically with the temperature. Caoutchouc is not 
alone (the author adds) in these respefls. Iodide of silver, 
t.g., and Rose's metallic mixture present similar phe 






V ,1 Universtl MeleoroEmph construAed 
Hew Syatem.— M, v. Ryssel^rghe.— The author here 
indicate* the principles on which his apparatus ii 
and will describe it more fully in a future number, 
most recent form (as construfied by Schubarl, and in 
at Ostend) the apparatus furnishes, from quarter to qus 
of an hour, the readings of a ayphon barometer, an August 
psychrometer, a Saussure hygrometer, a Robinson anemo 
meur, a wind vane, and a rain gauge, while it also givcE 
the height of the sea-level. Eleaiicity is employed ir 
the arrangement. 

Results of Magnetic Observationa made in Russit 
in Summer, 1874.— M. Smirnow.— Numerical data o 
inclination and declination are furnished from forty-twc 



Dingter'i Polylecknisckis Journal. August 1. 
A Proposal for Telegraphic Connexion of a 
Moving Train with the Neighbouring Stations. — 
Ronnebcrg.— A telegraph wire between the two 
I is held out horizontally, from insulators on posts, 
ns of a spiral spring, so as to continue in contaA 
with a horizontal grooved metallic wheel, supported by 
ipiral springs, which projed — one abcve the other — from 
1 porcelain plate in the side of the guard's van. The 
luter parts of these two springs unite to form the axis « 
the wheel. One of the springs is connefied, at its innerf 
end, with the eleAro-magnet of an ordinary relay, in the 
van ; and this magnet, through a Morse key and wire, 
with the axle of one of the rail-wheela (metallic connec- 
tion being complete between line-wiie and earth through 
the van, when the key is at reat). Two equal batteries, at 
the two stations, are connefled by like poles to the line, 
thus giving constant currents, through the relay in the 
van, to earth. When tlie guard presses his key, the cur- 
rents of both stations, meeting, pass through the whole 
length of the line, and , as they are opposite, they neutralise 
each other ; and the armatures of the station -relays, pre- 
viously held attached by the constant current, are now 
detached by a spring : thus signals are produced. There 
IS a peculiar arrangement of relays at the stations, which 
we do not stop to describe. 

Automatic Pneumatico-Eleilric Contafl for Rail- 
ways.— M. Bernstein. — Eight or nine minutes before en- 
tering a station, the train is made to announce itself by 
means of an eledric current working a bell. At the point 
determined, the wheels of the triiin, in passing, press with 
their tires on spring rails outside the regular ones ; a cross- 
bar connecting these side rails presses, with a plate on a 
caoutchouc bellows, thus forcing air through a lead tube 
second bellowSj_and so causing a spring to complete 



an eleflric circuit. tThc editoi 
be much simpler if the plate wei 
spring direaiy,] The apparalus a 

ranged that ringing C"- '■" ' 

with his linger. 



t that it would 
ade to i& on a contad 
the station is so ar- 
ime one presses a key 



\ the Currents of Eleiftric Machines. 



An»alis dt Chimit tl it Physiqui. September. 
On the Employment of Zinc as a De-incrustant 
in the Interior of Steam-Boilera. — M. Desueur.— The 
author experimented both with salt water and with wate r 
from the Loire, containing only some silicates. The zinc 
disappeared and the tartar was non-adherent, 
forms the positive pole, and the 
■ e negative. [Theeditors, ■- • 



Dii fritrliche SilMung dtr Kaiurlickin Akadtmie dtr 
Wisitnscha/lin am ig May, 1875, Wien. 
[Anniversary Meeting of Vienna Academy.] 
In this is given an account of the work of the Academy 
during the year (a list of the papers read, Sc), with 
obituary notices of Rochledcr, Gottlieb, Schrotter, Arge- 
lander, Elie de Beaumont, and Sir Charles Lyell. The 
Baumgartner prize, for the work which may constitute the 
moat important advance in Phyaics since the prize was 
last given, was awarded to M. Bohimann, for his experi- 
mental determination of the dieledlricity-constaots of a 
series of substances. [Sec Electrical News, pp. at 
and 94-] One of the reports slates that the central station 
in Austria, for meteorology and terrestrial magnetism, 
stood, in 1S74. in connexion with 151 stations in the 
western half of the empire— one station to every 36 geo- 
graphical square miles. Since July, 1873, the telegraphic 
weather reports have been summed up at the central sta- 
tion in a daily autographic bulletin, which is widely distri- 
buted. One of Dr. Theorall's (of Upsala) monographs is 

now supplied to the central station. It differs from erdi- 

envelope of the boilVr j nary self registering apparatus in that, while the latter 
.. ...~J~.i .L. ;_«„ir.. sanvnllu inillrate chantres of thi 



I ine eanoiB, m m. note, suggeat the inquiry generally indicate changes of the meteorological elemenU 

not the layer of hydrogen gal, incessantly by curves, the meteorograph prints the numencal values, 

^^^ on the iron luW, which prevents adherence I (ioni quartet to quartet of an hour, In tabular fonn. op a 
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paper-covered cylinder; further, the instniments whose 
data are registered are connected with the printine-appa- 
ratuB, not by mechanical means (l^ver and whedwork), 
but by galvanic circuits; all owing perfe^ freedom of 
choice in placing the several inslrumenti. There had 
also been obtained a Meyerstein (of GottingenJ magnetic 
theodolite 1 an apparatus, by the same maker, for mea- 
suring the horizontal component of the earth's mag- 
netism, by ihe galvanic method; and an Adie magneto- 
graph, 

Siltungiberichlt dtr Kaistrlichtn Akademit der Wisun- 
icka/lm (I^icnnd). Band Ixxi., Hefl i and 2. 

AAion of the Muscle Current upon a Secondary 
Circuity and ■ Peculiarity of InduAion-Currents 
that have been induced by a Very Weak Primary 
Current. — M. Ernst Briicke. — Reserved for separate note. 

Different Excitability of Funflionally Different 
Nerve-Muscle Appaialua (Second part). — M.Alexander 
RoUett.— Reserved. 



COMMERCIAL NOTES. 

Information has been received by Ihe Cuba Submarine 
Telegraph Company of the inlertuption of Key West 
Punta Rasa Cable of the International Ocean Telegraph 
Company. Communications between those point) is 
being maintained by steamer at a delay of about one day. 
Should the cable not be speedily repaired, the new cable 
which has arrived out, but is waiting for more favourable 
weather, will be at onct laid. 

The Direflors of ihe Indo-European Telegraph Com- 
pany (Limited) at their Board Meeting on the 6lh inst., 
declared an interim dividi:nd for the six months ending 
30th June last at the rate of 5 per cent, pe; annum, pay- 
able on and after the lat proximo. 

The traffic receipts of the Eautern Extension, Austral- 
asia and China Telegraph Company (Limited) for the 
month of August last amounted 10 j^xo^o'jx, and fur the 
corresponding month of 1S74 to £nj.6gy. 

The number uf messages passing uvtr the Cuba Sub- 
marine Telegraph Company's lines during the month of 
August was 2279. estimated to produce /'zzoo, against 
1750 messages producing ;fiEi2z in the coriesponding 
month of last year. 
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The traffic receipts of the Brazlliaa Sabmarine Tele- 
graph Company (Limited) for Ihe month of Auguat lait 
amounted to ;f 10,03a, at against £97^1 for the conei- 

pondingmonth of 1874. 

The Eastern Telegraph Company'a traffic receipts for 
the month of August last amounted to ^Cso.ooj, and fur 
the corresponding month of 1874, to ;f3i,365. 

The traffic receipts of the Western and Biaailian Tele- 
graph Company (Limited) telegraphed from Brazil ibr the 
four weeks ending the 27th uli., were ;f8543 4s. sd. 

The traffic receipts of the Anglo-American Telegrapli 
Company for the a4lh Aug. were £1160 ; for the i5ih tnit.. 
jfi.lSo; for the aSth, ;£i47o; for Oie 27th, £1480; for the 
28th, ;f 1340; for the agth, ^£400; for the 30th, ^£1230; 
forth* 3iBt, ;fi50O; for the ist Sept., £1^60; (or ibe 
2nd, ;f 1410 i for the 3rd, £1410 ; for the 4th, £1103 ; for 
the 3ih,;f5io; for the 6lh, ;£ii50 ; for the 7th, £1540. 

The traffic receipts of the DireS Spanish Telegraph 
Company (Limited) for the month of August amossicd 
10 ^1773. against £ilii in the corrEspoitdiog period si 

The traffic receipts of the Great Northern Telegnph 
Company for the month of August amotinted to 385,eoif, 
against ^4i5,383f. last year. The total traffic receirti 
from the isi of January to the 31st ult. were 3.794,859rn 
against 1,902, togf. last year. 



PATENTS. 

Improvements in galvanic hatterits. Edward Tyer. of 
No. 4, Old Street, Pinsbury, Middlesex. February i. 
1875. — No. 449. This invention relates to cells of gal?aaii 
batteries, a single cell being a jar or vessel with grooRi 
or lugs in its interior or notches in its sideB, into which l> 
slid a perfaraled slab of non-conduAing materia] to sepa- 
rate the two elements, and compound cells being fonid 
in a box divided by permanent partitions into a number ef 
cells, into each of which is slid a like perforated slab, h 
some cases the slab is clothed with paper or porous (abnc 
The chief objedt cf the invention is simplicity of cn- 
Slruflion'in a form which gives facility for cleansing )!l 
parts. 

Improvimcnis i» tht application of tUctro-djMam: 
machines for oblatHtng mttals fram their lalii, ri[t»i- 
ratin^ galvanic batteries, and oblainiHg otkir chtmai 
reactions. William Clark, patent agent, 53, Chascerr 
Lane, Middlesex. (A communication from DieudoBK 
Francois Lontin, Paris.) February 8, 1875. ^<>- 173^ 
The invention consists, first, in the utiliaation of the rhirie 
of the eledlricity produced by an elcAro dynamic maclriBC 
for decomposing metallic sails from which it is desired to 
obtain the metal. Second. In obtaining most of Ike 
metalloids by dynamo-chemical decomposition. Thiii 
In producing organic and other chemical prodoAs bf litt 
means. Fourth. In regenerating spent galvanic baUeria 
by a current from an el eAro-dyn antic or iljiiiiiiu i.lii wiril 

An improved mode of applying brtakt to railw^ tmpia 
and carriages. William Samnel Laycock, mannfaAanr, 
Sheffield. February g, s^i- No. 478. — My inVMliM 
consists in the use of cledncily or magnetism for applr. 
ing the breaks to railway engines and carriaige*, n ■• 
machinery by which the said iMalci are applied. 

Improved mode of and miani for increatiHg tht aJluiif 
of locomotive wheels on rails. Peter Jenaen, Chancer 
Lane, London. (A communication from Ejnil B6i|<s. 
Baile.) February 11, 187^. No. 506. — L,ocomoiive di "" 
axle is covered with cods of insulated copper wire 
wheels being the poles of a powerful elcAro magnet. 
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Since the day when Eledlricity was first disco- 
vered, until now, its vast importance and its 
high destinies have grown upon the human 
mind. Fresh phases of its power, fresh results, 
new means of obtaining and governing its 
acflion, and multiplied ends to which it may be 
turned, have constantly discovered them- 
selves ; till to-day it stands out as one of the 
grandest subjecfls presented to the scientific and 
practical world for investigation and research. 
Perhaps, however, no other Science or Art 
has exhibited so extraordinary a concurrence 
of anomalies. It is at once the most ter- 
rible monster and the most humble and 
obedient servant , its adlion is at one moment 
beneficial, at the next destrudive ; its range is 
boundless, yet it may be ** cabined, cribbed, 
confined " at ease ; it is everywhere present, 
while its nature is only imperfedlly understood ; 
and, to crown all, although it is one of the most im- 
portant agents in the adtion and the phenomena 
of the universe, and increasing knowledge of 
its applicability to the needs of our race is of 
the utmost importance, no direcfl means of as- 
certaining the thoughts and discoveries of its 
students, or of bringing them before the scien- 
tific and mechanical community, at present 
exist. Attempts have been made to supply 
this want, and journals have been started 
with the professed objec5l in view of making 
public all that is known or can be learnt 
of Eledlricity in all its branches. But they 
have degenerated into unscientific records of 
unimportant events, and the purpose for which 
they were established has been lost sight of. 
Thus it comes that—while Engineering, Che- 
mistry, and other Applied Sciences have all 
their representative recognised organs — the 
Eledlrician finds himself without any current 
journal from which he can learn the events 
which are daily occurring of peculiar interest 
to himself. 



Such a want has now been supplied by the 
establishment of the Electrical News akd 
Telegraphic Reporter. In its columns willbe 
found the most valuable opinions of eminent 
Ele(flricians and scientific men all overthe world. 
Articles will be contributed which will be of value 
not only to those who study Eledlricity as amateur 
experimentalists or scientific inquirers, but also 
to those whose daily life is bound up with the 
advancement of practical knowledge in all d^ 
partments of the science, and who as dec* 
tricians, telegraphists, ele<5lrotypers, ele(^ 
platers, and chemists have continually to deal 
with the same marvellous agent of force ia 
different ways. Nor will the doings of foreiga 
societies be ignored as in times gone by, bat, 
in the shape of carefully prepared abstradt, 
their proceedings will be presented toourreaden. 
Every opportunity will be given for the healA- 
ful discussion of the science in all its brandiei, 
and a fair unbiassed course will be steered ia 
all questions of dispute. 

This, then, is our Programme in brief. Hor 
we could promise, but prefer to let the nev 
periodical speak for itself. The subjeift with 
which it will deal is of too great importance to 
need one word of recommendation. Daily a- 
perience teaches us that we are as 3ret on the 
threshold only of a vast expanse of eledbiol 
knowledge. This has to be explored, and ai 
the research gains in strength and intelligence 
the results will be far beyond all present con- 
ception. The feat of girdling the earth ia 
forty minutes will be eclipsed by great deeds 
yet to be done, and if the establishment ft 
the Electrical News and Telegraphic 
Reporter conduces to the hastening of this 
desirable end our obje(5l will have been gained, 
and we shall be fully rewarded. 

Boy Court, Ludgate Hill, London, E.C. 
yuly i8t, X875. 
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'HE ELECTRICAL NEWS. 



ELECTRIC VOTE-REGISTERS. 



Vol. I. No. 12. 



EPORT ON CLAMOND'S THERMO-ELECTRIC 
BATTERIES. 

Hy the Couut TH. DU MOKCEL, 

HE iliermo-elearic battery, the principle of wh'chwas 
EcowieJ bySeebecli in i83r, 19 the most constant source 
f cUtt.iciiy poEEible 10 obtain, Mnce the energy of its 
iinenl depends Boiely on th« difference of lemperaturea 



dfor 



TiiL fi.llowiiig system of voteregisterinj, suggesttd by 
i Mr. 11. A. Jacquin, allliough tutiilly diR'ering from Meiiirs, 
Cliirac and Gjichenot's mciln-d,* possesses considerable 
I merit. It does not, however, rtcoiil its workings before 
Ihe eyes of voters as Messrs. Clcrac and Gkiichenut'a 
I syitem does ; and partly for this reason it failed tu be 
I approved of for the National Atsembly. 

Two buiions arc placed before each Ueouty, who 
r^'ijlsier* his vole by simply pressing them down; the 
[iciiure of his vole being determined by the order in which 
liey are depressed. Each button is an elei^rical coni- 
Tiuaication with a small apparatus whidi encloses a 
,upply oT baiU, and from which one drops whenever ilk 
iponding buiton is preiSed, The while-ball and this 



,ined. The first lliermo-elearic batieni ^^=-.^^...^...6 "-""" " j-.^.o^^. • ..>. " -.... ^"s 

itrial purposes were contrivei by Marcus, | t,]uj,,bal| apparatus are all ranged by ihemselves, and the 
id Bccquerel, with a combination of metallic ^^n^ f^]] f^^^ them into funnels, and thence throuah 



nof 



' To them, also, we look for the first prodofli 
hcse batteries in SDialleat possible size andwilh maximum 
.f power. The pairing of puie elcftro-posliive and 
leclra-negalivB metals, when they are even at the most 
.ppositc ends of the scale cf eleflromotlve qualities, does 
ml furnish the most energetic eftefts : the most energetic 
ifTetls are mainly dependent on metallic alloys. Marcus 
irst made an enerjetic batter^' whose el eiflro negative 
■lement was an alloy of anlimony, zinc, and bismuth, 
with an eleflro-positive element of nickel, copper, and 
line In mixing these metals proportional to their che- 
mical equivalents he obtalnrd a maximum aflion. On 
the other hand, E. BecQoerel. from personal researches, 
used antimony and cadmium for one element, and German 
eilver for the other. Prom this latter combination very 
energetic te suits were obtaineJ, and in ihat 
Ihermo.dccttic balleties manutaaiired b) 
weie constructed. Then Farmer, of Boston, and Clamond, 
settled the question as to the best arrangement fot^giving^ 
highest temperatures, and for obtaining agreat nr 
elemt^nts easily disposed for potential '•' '"- "•• 

rcquiieJ. To Clamond r- ' ■'■- ' 

arrangement is due. He 



funnels, and thence through 
ramified pipes into two urns, by [he force of gravity. 
They are all made exaflly equal inweiglit; bencc the 
number of Deputies who have voted 13 immediately 
obtained by weigliinH the urns. 

In order to avoid as much as possible calculating the 
number of balls from the weight of the urn, ihe weight 9! 
ecith ball can be made 10 grma. — a very convenient Ki*e." 
Then on reading the weight of an urn the number of balls 
in it is direflly proclaimed. Thus an urn weigbJM; 
iji)o grms. would contain 150 balls. In speaking of the 
weight of ihe urn. reference is of course only made to its 
contents: the weiglil of the urn itself is previously 
inced. 



r for quantity a 

(I of the credit for this litll 

first made his battery of iro 

1, of little cost ; and ihcs 



E abandoned 



and suiphuret of lead, or gali 

he healed by a gas, coke, 01 ticLiu.tu... =.".... - — ■- 

sultswere, from the first advantageous; but shortly aftei 

it was soon rendered useless from the roasting of thi 

galena, its crackinjt, and the enormous 

of the couples. Hence the galena wa 

line and antimony alloy used m prefei - - 

the ektlro-positive element. Undoubtedly by lak.n 
i;oppcr, nickel, or German silver, a higher AtaromoM 
force might be obtained ; but experience has shown ih: 
when copper or German silver is dissolved in the aUoy (on 
account of the prolonged adlion of the apparatus) 
retained. The jointing between the iron and a I 
effeaed in this wise :-The iron was doubled back, 
chape of as it were, a hinge, and on thai portion the alloy 
was allowed to run in a state of fusion : when cold tt-- 
alloy became a fixture around the iron flange. The spli 



In addition to this, an auloulalit puinlin<j is effedled by 

— - , I |,g^.|, apparatus on small strips of paper introduced into it 

i, and in that manner the | ^^^f^j^ ,],g silting, and the objefl of this pointing is 10 
nutaaiired by RuhmkortI jujjjaie the nature of the voting. At the close of ihu 

_, .^r, ..jfi nrf I ^.^^^ ^^^ pointed or dotted papers are withdtaw:n, 

illated side by side in numerical order, and form a com- 
ete detailed table of the votings for that sitting. 
Ihe baiiery for each Deputy, consisting of two 
eclancb£ elements, is inclosed in a box bearing the 
Deputy's number, and the wire starting from (he positive 
pole is in conneflion with an eleflco- magnet and thence 
to a kind of small metallic anvil; the negative pole 
through another wire is in connection with a small lever 
placed above the anvil, from which it is held at a very 
small distance by a spring. . The Deputy pressing upon a 
button, causes this leverto touch the anvil, and so to cIqk 
the circuit through the eleflro-magnet. 

The remainder of the contrivance, which each button 
^^■orks. is thus described; — 

The eieflro-magnet attraCling a lever releases a hinged 
pan containing the voting ball, and thus allows it to fall 
into a tunnel, whence it is conveyed to ihe urns. At the 
same time that the shovel drops, a pin aEfixed to its 
bottom causes the dotung upon the paper strip to which 
we have already drawn attention to be effedled. 
The recording sheet for each voting is divided into aeries 
imall transversal and two vertical columns. 



i» of the material— which almost always took place jn .^^^ former may be 
irallel layers, in ordinaiy alloys, under the niBuence o( ^^^ ^^^^^^ ^ ^^^ , 



parallel layers,... j ^-. - -■ .. . 

• - -e heat and cold— is prevented by pounng it u 

en tly heated moulds. In these batteries the e.l-- 
re arranged circularly for potential, so as to form 
of crowns insulated from each other by asbesti.s 



:alled for 



explar 



commutator attached tangenlially to the cyliridrit 

of the apparatus, and are so disposed as to allow ol tne 

bring grouped in potential or quantity scries, as require 

Autrian telofntphi.— In 1B74 H>ero were forwartJ. 
in Ci«kUbwii«n Aitftria J3,79".S57. telegram., bei« an knobs wt 
increase »f I J*M»o««»873- Tte totJ taifth of Une. wotds— 



lion, let V 
. and that thi 
be doited. Deputy A, let 

lively. He presser -■- •' 
I struck in the aflin 



: Ihat voting Is about to 

:sal column a is ready to 

ssume. is voting affirma- 

left-hand knob, and his sheet is 

vertical column d, in it. Then 

ever}' paper is raised automatically, so that b transversal 

column occupies the late position of a. Our Deputy then 

presses down his right-hand knob, which produces a dot 

in the negative vertical column », in 6. Should he detire 

to vote against a measare. the order of pressing data>l| (he 

which we have given must be reversed. Tn Other 



^4a 



Capillary Electrometer. 



Affirmative vi 
Negative vot< 



Left-hand Icnob. 
Right-hand knob. 
Right-hand knob. 
Left-hand knob. 
A special piece o( mecbanigm Drovidei for the di«- 
tribution of Ihe ball* into the machinei. Behind a row 
of receiver!, there ii ■ horizontal axis running in direOion 
at rifthl angles to the lever. This shaft carries an arm, 
which is placed in the same vertical plane as the tail of 
the ahovel ; and its position with regard to this tail is 
•uch that, when the shovel hat fallen, if half a revolution 
is given to Ihe shaft, the upper part of the ami in pa.sBing 
fbnel upon the tail, and raise* the ahovel above the lever 
which retains it in position. The pan is now ready to be 
loaded with a ball. 

An axle carries a cog-wheel, which works into 
■ larger wheel. This larger wheel works upon the 
Kune (haft as another wbeel around whose circi 
ference there are fixed a certain number of compartmei 
ud this revolves inside the drum in suchwise that the 
tremities of the paddles (to which [be sides of the cc 
paitments may be likened) graze the inner surface of the 
dntm. The lower portion of the drum, just above Ihe 
•hovel, ii pierced with a circular hole, large enough to 
allow a ball to pass. Through another aper 
id the upper portion of the drum, the balls 
passed into the several compartments — care being 
taken that Ihe lower orifice is closed during the loading 
procew. 

Bach compartment being filled, a simple mechanical 
arransement in adjusting the diameters of the two cog- 
wheels will cause the pan to be loaded every time a semi- 
revolntioQ of the arms raises it from its fallen position. 

The mechanism by which the instantaneous discharge 
of Ihe pans of those Deputies who have not voted is ac- 
complished, only remains to be eiplaioed. It is com- 
prised of a hard wooden circular table, upon whose upper 
nuface, and parallelly to the circumference, there are hol- 
lowed oDt two adjacent grooves, separated by a narrow 
■trip of wix>d. In each groove, small copper plates, 
■eparated from each other by insulated spaces, are em- 
bedded 1 and the number of them equals that of the 
instruments. Each metal piece is also so placed that a 
radius which passes through the middle of one plate in 
one groove will pass through the middle of another plate 
in the other groove. Thus the nlates may be reckoned as 
arranged in couples, each of whkh is in eleArical connec- 
tion hy derivation with ibe same set of apparatus. II 
then we tooch any of these couples with the poles of a 
battery, we work the apparatus belonging to them. 

The table is now turned by a crank movement, and the 
metal couples past under an arrangement by which a cur- 
rent is successively passed through them, and the initru- 
mentt of those who are either absent oi have refrained 
from votinj are aAed up, their balls are liberated, and two 
dots are affixed in the c transversal column of the table. 
The cledro-magnets of the instruments of those who 
have voted are likewise aded upon, but their pans having 
diopped.they simplymovelheleverwithoutanyotherresult. 
For an engraving, showing more clearly the construdion 
of the apparatus, we refer our readers to the jfOMrnal 
TtUgrapktqtu for July isth. 



it fiuietion of tht tUelric difftri 
The 



'-Hr+r> 



where p is the normal pressure at any point of the sn- 
facc, referred to unit of surfiice ; R and R' are thepandpil 
radii of curvature at this point. A liquid being m eqmb- 
brium, its form is determined when one give* — besides 
the conditions as to limits — the numericJ value id A. 
Conversely, A is deduced from the form afkOed lyih 
liquid surface ; it is a number given by cxperimenL 

Equilibrium being established, we know that the eledric 
potential has, within the mercurv, a miifbtin valM, V; 
and, similarly, the elefiric potential haa, within the msa 
of water (or acidulated water), a unifann value, V* Ot 
either side of the curface of cootad the difference of po- 
tential is therefore .r=Va-V. It ia thta difieieacc wiod 
M. Lippman calls the tlttlrU iiffirntct at the wsitr- 
mercury surface. 

This being agreed, experiment abows that if the sna- 
ratus be so arranecd that x has a fixed value jto. A has a 
value A« exadly determined ; that is to aay, that tltt fo- 
turbations observed with the ordinary airaogement are m 
longer produced. If x be maintained at a new GssI 
value x„ A takes a new value A„ a value determiBcdo- 
adly and without pei turbations. Thus to each Taiatefi 
corresponds a value of A, and one only. 

In the capillary eledrometer the variations of a bcm- 
cus of mercury, with variation of the elearic diflena« 
are observed through a microscope. The apparaui ■ 
represented in the annexed figure. 



A CAPILLARY ELECTROMETER. 

W« propose to give an account of the instrument „ 
named, which has lately been devised by M. Gabriel 
Lippman, and which is interesting both from a theoretical 
and a praflical point of view. A memoir by the author, 
in which it is described, and the general relations betweeil 
stearic and capillary phenomena are studied, appears in = 
rsMit nuinber of the AimaUs di Chimit tl di Phyiiqnt. 
s construifted 




The capillary eledromeler ii 



An ordinary glass tube, a, about x mctie tn height a4 

^m.m. in diameter, open at both ends, ia fixed by eauli 

in a vertical position. The lower p«n haa baaadtwa 

. ^ out in a lump, so tbat the intetior •'iMrmtM of iheftM 

principle pan is reduced to a few tlwosaodtlH of a ~ ' 



oi Ihs I eitfiUary tmni dip* in dilate nhifaade Mii ftlh tt Iki 
ie add acid in volume) contaload la a rowina ti^ m^MA U 
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fixed below the longer tube. At the bottom of b is a 
mass of mercury. 

Into the tube a is poured a column of mercury suffi- 
ciently high for the merCury to penetrate, by its own 
Pressure, into the capills^ point (750 m.m. for example), 
he masses of mercury in a and b are put in communi- 
cation with two insulated eledric binding-screws, l:y 
means of the platinum wires a and /3, soldered to the 
screws. The wire fi does not touch the acid of the tube b. 

The capillary point is brought into application to the 
side of the tubie b, so as to be in the field of the micro- 
scope M , which is fixed horizontally in front of this tube, 
and which magnifies 250 times. This microscope is sup- 
ported on three screws : the point of one of these turns 
in a small conical cavity ; that of the second moves in a 
straight groove ; that of the third is applied to a horizontal 
plane ; a strong spiral spring tends to hold the tripod on 
the plate. The microscope is furnished with a reticule, 
or — ^better— with an ocular micrometer traced on glass. 
To obtain a distind image the axis of the microscope 
shouli be as nearly as possible perpendicular to the side 
of the tube b. 

For compressing the air above the mercury in A, the 
apparatus is fitted with a small screw press, worked by 
means of the handle v : under this press is a longish 
caoutchouc bag, with thick sides, containing air. The 
ht^ communicates, on the one band, with the top of the 
tube A, and on the other with a free air manometer, 
placed near the apparatus. 

After filling the apparatus, one expels the bubble of air 
which remains in the capillary point, by compressing the 
air above A, so as even to force out a little of the mer- 
cury. During this operation one puts a and /3 in metallic 
communication, and atmospheric pressure is next restored 
over the mercury a. The meniscus m, which terminates 
the mercury in the capillary point, then assumes a position 
of determinate equilibrium, which we may call the zero 
of the apparatus. The microscope is displaced so as to 
bring the zero of its micrometer to be tangent to the 
image of the meniscus ; and it does not leave this position. \ 
The apparatus is now ready. (It is well to remark that 
•the zero does not become absolutely fixed till some time 
after filling the apparatus; it descends very slowly for 
two or three days.) 

The capillary eledrometer (M. Lippman says) has all 
the properties of a very sensitive eledrometer. It may 
prove very serviceable in measuring eledromotive forces. 

To measure the eledromotive force of a battery element, 
i,g.^ the negative pole is conneded with a, the positive 
with /3. The handle v is turned till the meniscus is 
brought back to zero, and the pressure is read off on the 
manometer. 

The measurement is then terminated : it remain to 
convert to eledromotive force the pressure observed. For 
this purpose one may use a table prepared beforehand, or 
a curve obtained by making the eledromotive forces 
abscissas and the compensating pressures ordinates. The 
formation of such a table, giving the eledromotive forces 
opposite the compensating pressures which correspond to 
them, constitutes an empiric graduation of the eledro- 
meter. As the author shows, all capillary eledrometers 
are comparable for a given concentration of acid. Thus, 
suppose we had an apparatus in which the height of the 
column A was 900 m.m. instead of 750 ; its graduation 
would be obtained by multiplying the compensating 

pressures inscribed on the Uble by the ratio ^^. How- 

750 

ever simple this calculation of redudion, it is short, and 

more dired to re-make the graduation oneself, if one 

possesses a well-construded box of resisunces. 

M. Lippman gives several numerical examples of the 

use of his eledrometer — measurement of eledromotive 

force of a Ledanch^ element, of a Daniell element 

charged with acid, of an element of amalgamated sulphate 

'Of sine with ordinary sine. To cite the first :— The car- 

tMMi pols of % LecUach6 commonicating with the upper 



pole of a Daniell, the zinc of the Daniell is put in com- 
munication with ^, the zinc of the Leclanch^ with a. 
The mercury moves out of the field. One turns the 
handle v till the mercury is brought back to zero ; the 
manometer marks 270*5 m.m. of mercury. The ele^ro* 
motive force inscribed opposite this number in the table 
is tfs 0*450: hence x Leclanch6 a x*450 Daniell. 



ON THE THEORY OF CONSTRUCTION OP 
ELECTRIC FUSES.* 

Thb name induction fun, given to fuses that are inflamed 
by a current from an indudion apparatus, seems to have 
been applied prematurely. Considering that the currents 
produced, whether by discharges or by chemical anions, are 
ruled by the same laws, and vary only in their effe^ we 
think the name of tinsion fuse may be much more ra- 
tionally applied to fuses in which the platinum wire 
is replaced by a powder, whose condudivity may vary 
within certain limits, but which has a great resistance, 
capable of being overcome only by a current of high ten- 
sion. To distinguish, however, the fuses, which are only 
inflamed by ordinary indudion apparatus, and those which 
may be exploded either thus or by a battery current (40 to 
150 piles in tension) we shall designate the former induc- 
tion /uses, and the latter b^ the more general name of 
tension fuses. The indudion fuse, of which that of 
Ebner is a type, is more easy of constnidion than these 
latter. For, in tension fuses, the condudivity, the com- 
pression {tassement), and the separation of the wires play 
a very important part, and if the conditions in these 
respeds be not stridly fulfilled, the sensitiveness to in- 
flammation decreases till the number of piles required puts 
such fuses beyond possi bility of use. 

In what fullows we have assimilated the currents 
of static and dynamic eledricity . . . We assume 
that the eledric spark is only a particular case of the 
eledricity of batteries of high tension. 

We have observed that : — 

I. With the same conduding powder, compression 
of it, and separation of the wires, the greater the sedion 
of wire the more is the galvanometer defleded. The 
cylinder of powder between the two sedions of wires may 
be compared to a resistant condudor the condudivity 
of which increases with the sedion. We know that the 
condudivity of a wire is in dired ratio of its sedion. 

We have determined empirically a constant diameter of 
wire, corresponding to a given sensitivenesss of inflam- 
mation (with the same compression), verified by the de- 
fledion of the galvanometer. It may be easily conceived, 
that if we change the diameter of the wire, all other condi- 
tions remaining the same, the fuse will no longer have the 
same resistance, and to obtain the previous clfed it will 
be necessary io alter the condudivity, and consequently 
the compression, with the result of presenting a greater or 
less number of conduding molecules to the adion of the 
current. 

II. If while diminishing the diameter of the wires we 
increase the compression so as to have the same deflec- 
tion in the galvanometer, the fuse will be less sensitive to 
inflammation. In fad, suppose the powder cylinder 
between the sedions of wires to represent a bundle of 
platinum wires, very fine, and therefore very resistant ; to 
compress the powder is to bring close together the mole- 
cules forming it, or, in one comparison, to diminish the 
distance separating the platinum wires so as at length to 
form a single wire, of sedion equal to the sum of the par- 
tial sedions. The resistance of the platinum wire to the 
current will not have changed, but as the heating of 
a wire traversed by an elednc current varies in inverse 
proportion to the fourth power of the wire, it follows 

* AlMtrMt of portkm of memoir by MM. Oismplss, PsUtC, sad 
Grsnier, in Annsdet de Ckimie e$ de Phpique, 
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Lhat the heat developed in the fine wiic^ by the inflaming 
current will be much less, and consequently the sensitive- 
ness to explosion will be altered. Tiiis law is the same 
whether the heating be produced by ;i di!.ch;iij;e or by the 
battery current. 

III. With the same sedion of wire and tlie same com- 
pression, if the separation of the wires be increased, the 
resistance becomes greater in proporiion tt) i!ic el()nj;a- 
lion of the cylinder cf powder, and smhtre is less sen;ri- 
tiveness to inflammation : if we compress more, so as to 
obtaiti the same deflection, the case is one l)el(>ni;inj< 
ij paraj^raph II. 

Act^iclin;,' to tlcse principle^, llic wires should he 
Ijioji^r.i near to;.;iihLr, ai.d'sliould have a small diameter ; 
but htre ihtre are several considerations important in 
practice. 

if a very small diameter be used, the c>'linder of powder 
}iesents too much resistance, and consequently is not 
heated ; (it is the same with platinum wires). If, on the 
I thcr hand, we increase the diameter beyond certain 
limits, the current of tension vnll become insufticient 
as quantity for batteries with weak sur/ace, or indntlion 
apparatus of limited volume. 

As to the interval of the \-ircs, which should be ab- 
solutely unifijrm, it does nut seem { ossible, pradlically, to 
reduce it below ,'„ of a millimctu\ Moreover, as the com- 
pression of the powder cannot be ijgorously the san^c in 
ali the parts ot the section, there occurs a sort of compen- 
sation which one cannot obtain with a very small section. 
It should be added, that in approximating the wires ^\"C 
diminish the volume of powder, and that the repeated 
passage of the test-current, which always modifies the 
constitution of the intlammable matter, more or less 
according to iti> composition and the intensity of the 
current, rapidly diminishes the sensitiveness. 

The above fadts can be appreciated only on condition of 
employing eledric apparatus (piles or induction apparatus-) 
furnishing but a small quantity of ele^ricity, and using 
powder suitably prepared. In this respe^ it may be 
remarked, that with inflammable powders equally con- 
duAive but of different compositions (all other thinj»8 
equal), the same deflexion of the galvanometer does not 
furnish any indication with regard to sensitiveness, this 
depending only on the nature of the elements which con- 
stitute the powder. 

The differences mentioned apropos of sedlion and sepa- 
ration of the wires are not sensible with powerful induAion 
apparatus, owing to the quantity of ele^ricity and the 
high tension of the current. It is thus that in such cases 
we may use inditferently even non-conduding powders, 
and put out of consideration the principles we have estab- 
lish^ as to maximum of sensitiveness to inflammation ; 
and it is the same with fuses of platinum wire, when there 
is excess of quantity and of tension. 

The coup dt poing seems to hold the middle place 
between powerful apnaratus, such as the Ruhmkorff 
coil and the small indudion-instrument, such as those 
construded by M. Gaiffe for medical purposes. Still, 
in practiced hands one may readily perceive the difference 
of sensitiveness of fuses by means of thecou^ de poing; but 
the tension of the current furnished is so considerable that 
one cannot deduce from the results obtained any precise 
measure, and that the apparent limits of sensitiveness 
cannot be applied to piles arranged in tension. In the 
londitions in which we are placed, the maximum sen- 
sitiveness of the battery appears to correspond to the same 
^enf!itiveness in induAion apparatus ; but it would be 
no longer the same if the number of elements were 
•iiminished. (We used 40 Leclanch6 elements of small 
^»ze). 

In comparing the powder cylinder between the wires to 
a bundle of fine resistant platinum wires we have not 
taken into account the loss of clediricity through contact 
with the equally conducing powder which surrounds the 
cylinder in the fuse ; but it is known that the greatest 
intensity of current is manifested between the poinU. 



By suitably retarding the instantaneous discharge ooe 
may transform it into a current which has a dlifiereni 
aAion. 

The sensitiveness of a powder to the eleAric adionc;iy 
be inverse to its sensitiveness to explosion under tbebio.^ 
of a hammer. First. If we mix equal parts of fulminate 
of mercury and protosulphurct of copper and pound it w.i 
some time in alcohol, we obtain a powder which is vtry 
sensitive to the indudion current, and yet the additioa 01 
the sulphuret diminishes much the sensitiveness to 2 
j blow. Second. If we make a powder of the type it 
I £bner*s, with chlorate of potash 51, sulphuret of aDti-.n;.-:.- 
50, retort carbon 25 to 30, we obtain a produd «L:i.:i 
is sensitive to the induced current, but the sensitivenef> ^>; 
which to a blow diminishes proportionally to the qu.oi v. 
of charcoal. 

M.M, Rousset and Delambre have shown that if. to 
a mixture of red phosphorus and charcoal, be added scisii 
quantities of chlorate of potash, the fuse becomes sen.-.- 
tive to powerful apparatus; and that if the pxoportj:. 
of chlorate of potash be increased so that the mir.t'.i:; 
becomes more sensitive to a blow, the fuse charged «.:= 
this mixture becomes sensible to less powerful apparatus, 
and at length acquires an extreme senutiveness. 

For a powder to be sensitive to the eledric cnrrcot. ii 
is necessary that its composition be such that it piesrci; 
a certain tendency to dissociation, and consequently, on 
varying the proportions of such or such a Dody vhi.-ii 
enters into its composition, the sensiti\'eness wiU be x- 
creased or diminished on the case cited : there is siixi^^'y 
coincidcnce between the proportions necessaiy to ser.^ 
tiveness, to blows, and to the eledric current ; but c-je 
cannot deduce a general fad. 

Given a suitable explosive mixture, but without ir.> 
conduding body, its facility of inflammation under ils 
eledric current will increase proportionally to the qoantiiv 
of an inert conduding body which one adds to it (pLn:- 
bago, charcoal, &c.) up to a certain limit, bejrond wh cii 
the sensitiveness will diminish, owing to the too imi 
condudivity of the mixture ; and the condu^ng boJv «iii 
have the effed of weakening, proportion ally, the su- 
sitiveness to blows ; it will, in this case, play the p^u-i cf 
silicon, the addition cf which to nitro-glycerine e^-<, » 
aUo to a host of other explosive substances desived £ruii 
polyatomic alcohols (nitroglycol, nitromannite, &c.i, t- 
minishes the facility of inflammation by blows. 

We believe we may conclude from the fbrrgoin ^ tbit 
the inflammation of indudion fuses cannot be attributed ij 
the shock produced by the spark. 

In studying the sensitiveness of fuses, the mh. ai 
apparatus giving a series of induced currents iiunutM 
imccrtain results unless the time of a«ftion, aocuritel) 
determined, be taken into account. 

The principal inconvenience of indudion fuses is t'acj 
requiring the employment of condudora compktciy 
insulated, which is not the case with platinum-wire fuse*; 
but this inconvenience mostly disappears on snfasticiuiei 
caoutchouc for gutta-percha as insulating layer, tbc 
causes of deterioration not having the same effad on 
caoutchouc, owing to its elasticity and resistance. Tke 
losses of eledricity can thus, only occur by joints, wfaick 
it is always easy to insulate, either with gutta-penhs, ot, 
better, with a band of vulcanised caoutchouc, well cosi- 
paded and impregnated with varnish. Another iacoa- 
venience of indudion fuses results from ibrmatioa «f 1 
current, even in an insulated circuit, placed parallelji 
few decimetres from a circuit in communication mch u 
indudion apparatus. One observes in the second ciiCtUt 
the formation of an induced current which may inflame 1 
fuse. 

M. Gaiffe has lately made some experiments on tkii 
subjed, and has determined some of the conditiooi ii 
which this fad occurs. In military mining operatiopii 
then, the condudors should be comoletcly inOTiatH. » 
separated from each other as muca fit ptrsiiblff V B«i- 
coaduding bodies. 
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The employment of tention fuies seems capable of obvi- 
ating ihis inconvenience, the eleflric current necessary 
to ihcir explOGiDn having but an excessively weak tension 
propottionally to that of induction currents. 

RiesE has obsetved that a wire near that which allows 
the dischart>e to pass may retard the latter when it is a Icbs 
good condu^or. For the effe£tlo be sensible the dischiir|,'e 
wire mast be wound in a jpir.l, as also the other, eo that 
con-ideable lengths of the wires are in prcse"ce of eai:!, 
other. The two ends of the wire independent of the 
battery must also be joined to ni to f'lrni a closed tircut. 
Thrre is evidently an induction effea in the circuit the 
cleAricity of which reaftn on th.it which passes in the 
(lischar|>e wire. The retardiiion is more pronotinccd the 
leii conduAing the induced wire. 

It is evident, a priori, that we may prepare powder* for 
indudlion, and tension fuses with a great quantity of 
•ubsiances, provided the mixture has a suitable conducing 
power. In this respefl we believe we can retiify, rn 
fauanl, tome errors about certain bodiei such as picratc 
of potash and nitro.gljrcerine. 

Picrate of potash, even with chlorate of potash added, 
which much increases its facility of explosion, doss not 
unilereo uiy alteration in presence of ozone contained in 
the air ; and they are mistaken who have supposed 
accidents, through explosion of the picrate, to have been 
produced by this cause.; besides, no experi nental faiS can 
confirm this opinion. 

As to pure and perfcQIy neutral nitro-glyccrine, Its 
^_tV lannot be doubted since the labours of Nobel. 
TTliE uiginccr iias kept nitro-elycerine for more than ten 
jVfei'iyinhqut obsen-ing any alteration, and our personal 
^itpetimeDla on nUm-glycerine tubjeded to various tem- 
peratures 'fiilly confirm this hA. Certain spontaneous 
atieraiions of dynamite, sometimes remarked, have arisen 
from an indomplee neutrali>ation of the niiro-glycerine 
m consecjuence ofdcfeflive manufaflure. 



THE POSTAL TELEGRAPHS. 

" Cauful and patient consideration " is leading the 
Pieu to take a more hopeful view of the present condition 
o t ttw postal telegraphs. In an article occupying four 
iiai a balf columns the Timts expreises the opinion that 
tbe KDiarkable w^ in which the telegraph revenue has 
«4Cfcded', year afier year, Che most sanguine expeSations 
fanned concerning it, is far more saiisfaftory than the in- 
creaac in the cspendilure is discouraging. Some of the 
views we have ventured to express are, wu are glad 
to find, held by tbe yiriter of the ariicte. The 
Fott-OE&ce, we read, should not be governed \y ibc 
mifilj GDOimefcial considerations which guided the policy 
oi (lie Cotnpaniei. The objeA ought to be--and, so far 
M ^e know, it has been — to make tbe lytCem national, 
^ScienE, and popular in the first place, and to make it 
profitable afterwards, if that should be attainable. Ex- 
pressing the belief that the system may be made profitable, 
the wnter proceeds to the consideration of the various 

Kiposals contained in tbe Report of the Committee. 
ferriog to theclosingof non-paying offices, he writes: — 
" These offices are, of course, all of the smallest class, 
and the entire loss sustained by keeping them open must 
be a small iTem in tbe total expense of the Service. The 
cost of establishing thoie offices has already been in- 
curred, and to dinestablisb tbcm would entail further 
expense. The labour involved in putting up the wires is 

Sine, and coul4 not be recovered by the »& of taking 
em down again, while tbe material recovered would, at 
tbe ^t, be ' old store*,* depreciated in value bv the very 
^A of taking down. But, in many cases, these non- 



Further, we know that pratlically one message gives rise 
to another, and it is a serious consideration bow far the' 
oflice miiht have the effeA of bringinjj 
the non-payin* lim>l. Tneo, 
i h iw far the losi of his lele- 
iph emolument', sm.ill as ih.ry ar«, wi>uld )>ive a Villjge 
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fairly have been k.'pt in vi -w in a)ii-i iit ii. I'.i.- esli.iii'ef 
if iclei;rjph reveniis and e»|vnrtitue pu f r laid- by tlii 
Commitii-e. There must be m iny py5;-o(ni:es wiiith I'b 
not pay so far an the numher of leftprs is concerned, bui 
no one has had the temiriiy to propuse that ihey shnulj 
bi; closed forthwith. Viewing the .Service in both caites 
as national, the facl uf an ofli'^e not p.iyins affords in one 
sunsc the best reasun for Ijccpiry it open, as otherwise 
lEiolaled diatri^i would be cut off from communication 
with the outer world. Thus the Pjst-OIHce ha« been put 
to great expense in the maintenance of ha cable commu- 
nications, but how wouli) the 'non-payin;;' p;inciple afl 
if applied to such cases a-.-lhe Isle of Man, ll.c Channel 
Islands, or even to Ireland itself? The Committee slates 
it > has been informed ' that there are 37] telegraph oEBces 
in London alone, ' many of t'lem at very short distance! 
apart,' iind it praftically proposes a wholesale reduftion 
in those ofRces. What grounds exitt for this proposal 
may be seen on turning to the table given in the Report, 
from which we learn that last year there wer« only seven 
of these offices that did not pay their expenses. The 
Committee itself has furnished us with the test argument 
against its own proposal in the fafl that the number of 
non. paying offices is steadily decreasing." 

Calling In question the practicability of the propqsal Iq 
transfer tbe duties of tbe postal surveyors to the divisionu 
engineers, and of the proposal to place the tele^a^p 
system in charge of the Riyal Engineers, the Write* 
passes on to consider tbe proposal tbat the railway com- 
panies should maintain all the telegraphs : seeing, how- 
evrr, that the public is inierestef in both classes o( 
telegraphs, it appears more appropriate that the control 
of both should ee in the bands of the public department 
rather than in those of the private companies. 

With regard to " Service iniitrudions," which are staled 
to average 14 words per message, it is found that many of 
these words consist of single letters, and so far as lima 
occupied in iignallitig is concerned they do not rejiresen? 
more than six or seven av'ragt words. " The first con- 
sists of a single letter, and Informs the clerk who is to 
receive the message whether be is to write it in duplicatei 
for delivery to tbe public, or on a single sheet, for tians- 
misiioo by wire beyond bis own office. Clearly such a 
signal as this cannot be dispensed with. The second 
signal — composed, on an average, of two letters—indi- 
cates the hour and minute at which the message is given 
in by the sender, and, as the ^£t of Parliament require* 
that all messages should be sent in the strifl order of 
handing in, this signal also appears indigpensable. So 
with the third signal, consisting usually of two figures, 
and denoting the number of words in tbe message, which 
is signalled for the proteaion of the public. The words 
' from ' and ' to,' which appear on the telegraph forms, are 
really part of the message ; but it is understood that the 
reference of the Committee to certain modifications in 
contemplation by the Fost-OfBce points, among other 
things, to the abolition of the word 'from.'" 

It is evident that any economy in this direflion is of 
the smallest possible dimensions, and cannot efleCl the 
great reform in the cost of the telegraph service whicb 
■ome have predifted. 

The question of altering the taiilf is then entered into 
at considerable length. " If it be true," says tbe wrile'Ti 
" that there i* a tuficit of a qairler of a million oa tbe 
^(leKfvpb iiarvice, the public must not Ibigftt hefon wh- 
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senting to any alteration in the tariff for messages, that 
it 18 saving at the present moment on the 20 millions of 
telegrams forwarded annually four times the amount of 
the deficit — namely, one million sterling. The average 
cost of a telegram six years ago was 28. 2d. ; it is now 
18. 2d. ; and this suggests a view in regard to the per- 
centage of expenditure which the Committee has com- 
pletely overlooked. The Companies, as we have seen, 
were spending 60 per cent on working costs, and this is 
contrasted with the alleged expenditure of 96 per cent by 
the Telegraph Department. Accepting for the time the 
latter figure (though we believe it to be exaggerated), we 
have to contrast 60 per cent on 28. 2d. against 96 per cent 
on IS. 2d., and if this be worked out to the proper fradion 
it will be found that the Government expenditure per 
message is really much less than the vaunted economy of 
the Companies. 

*' The Committee submits two, or we should rather call 
them three, alternative proposals. The penny per word 
q^rtem may be dismissed in a sentence, seeing it would 
raise the price of an average telegram from zs. to 28. sd., 
and would (assuming the same number of messages to be 
sent) produce a revenue quite out of proportion to the 
necessities of the Department. The only really feasible 
propositioD of the Committee is that of charging 6d. for 
ten words, indastve of addresses, which, assummg that 
the messages extended to the same length as at present, 
would raise the average to is. 6d. But it cannot be 
doubted for a moment that a vast number of messages 
wottld pHs under the minimum rate, and upon every one 
of thesrhris obvious that there would be a dired loss of 
50 per ceal. As the messages of this class increased, the 
Tclegrsph Department woiud find itself in the position of 
having to deal with two messages as regards the con- 
sumption of forms, the wages of messengers for delivery, 
the * Service * signalling, &c., while it would only draw 
the same revenue as it does from one message at 
present. 

** The Committee seems to favour what is designated the 
*word system of charging messages '—though we may 
here remark that all systems are *word systems.* A 
•word systein* — that is, a one word system — may be 
pradicable with a high minimum charge, as in the case of 
the Atlantic Cables. But the case is different where mes- 
sages have to be dealt with in thousands, and at such a 
charge as a halfpenny per word. It appears to us that 
the moment the present system of uniformity is departed 
from endless complications must arise, leading to the em- 
ployment of more clerks to count and charge the mes- 
sages, more labour to the local postmaster in bringing the 
charges to account, and greatly more labour at head- 
quarters in checking and auditing the accounts. 

•• While advocating the principle of uniformity we think 
thete is within well-defined limits a diredion to which it 
might be departed firom with advantage to the public and 
benefit to the revenue— viz., the introdudion of a system 
of local telegrams in London and other large towns and 
distrids at a uniform rate of 6d., applied in the same way 
as the shilling rate for the United Kingdom now applies. 
We gather from the report of the Committee that the 
main source of future cost to the Telegraph Department 
will arise from pressure on the great trunk lines, on which, 
when the wires become overioaded with work, the eredion 
of new wires will entail an expenditure that will not be 
immediately recouped by the traffic. But there is a 
branch of the Postal Telegraph system which is differently 
situated — ^viz., the local wires which serve as * feeders ' 
to the greater lines. Many of these must be pradically 
undeveloped as yet, and the creation of a traffic upon 
them would result in an immediate increase of revenue, 
without any corresponding increase of expenditure. The 
Committee, alluding to the extensive system existing in 
the Metropolis, brings out the fad that there are numer- 
ous offices at which a telegraph clerk must be kept, 
whether fully employed or not, and also that at the cen- 
tral offices derks must be In waiting to receive messages 



from these branch offices, whether there are any to come 
or not. Clearly, therefore, in very many cases, the addi- 
tion of this cheap local traffic would simply mean the 
filling up of wires and clerk's time not now fully employed, 
and without adding a penny to the cost of either. Tbe 
price of messages within the Metropolitan area was nom- 
mally raised by the introdudion of the Post Office uoi- 
form shilling rate, and even under this drawback the 
number of messages has, we understand, increased enor- 
mously between one part of London and another. What, 
then, might not be expeded under an arrangement which 
immediately reduced the price by one-half^ while maintais- 
ing the completeness and efficiency of the present system? 
The messages created by such additional facilities wonkl 
be mostly of a social and domestic charader, and would 
familiarise the public more and more with the use of the 
telegraph. The introdudion of such a system cosld 
hardly fail to promote telegraphy throughout the conntiy, 
and it would pave the way for the advent of a universsl 
sixpenny rate, which sooner or later must be witnessed is 
this country." 

This exhaustive article ends by considering thetazif 
for Press messages. The existing arrangements is ac- 
cording to the Committee a ** fruitful source of loss "to 
the Post Office, but the amount of the loss nor tbe 
extra charge required to remove that loss is not. gives. 
** It was stated recently that whereas the telegraph con- 

f)anies delivered annually some 2,000,000 words 0^ news 
or the Press, the Post Office is at the present momttt 
delivering ^annually 220,000,000 words. This . is psi^f 
composed of messages sent to newspapers on ihea om 
behalf, and charged at the rate of 75 words for n. 
before 6 p.m., and the same rate for 100 words after 6 
p.m. ; and partly of messages sent by the News AsR>» 
ciations under the same initial rates, but deliveiable at 
any number of addresses at a cost of ad. per 75 or mo 
words for each address beyond the first. We shosU 
have been glad to know whether a loss is sustained by 
the transmission of both classes of messages, but this is- 
formation is not given. The Committee pradically 
contents itself with saying that under its proposal fiir 
increasing the rate for ordinary telegrams by 150 p« 
cent., some * concession to the Press* would have to be 
made. For ourselves, we ask for no * concession' ettfacr 
from the Committee or from the Post Office, and we mock 
mistake the spirit of our contemporaries if they are aot 
of the same mind. The privileges enjoyed hy the PicM 
were deliberately granted by Parliament, ana the BIse 
Books published at the time show what weight the ia- 
terests of the Press had in the eyes of the Pariiameotny 
Committee which took evidence on the question. Hen 
we may refer for a moment to the system of Press tele- 
graphy as it existed six years ago. The telegraph oosi- 
panics, we are free to confess, supplied news to the Piphi 
at a moderate price, for they too were guilty of the ' com- 
mercial unsoundness ' of carrying news messages st s 
much lower rate than ordinary messages. As regardstbe 
Provincial Press, the companies not only carried the 
news, but purveyed it ; hence they supplied it as it suited 
themselves, both as regards time, quantity, and charader. 
The t3rranny of their ^stem was well illustrated by tbe 
evidence of a provincial newspaper proprietor, who stated 
before the Parliamentary Committee on the Telenaphi 
Bill that the company had threatened to cut him off fiom 
the supply of news altogether because he had veutuj t d 
to criticise unfavourably some of the details of the ser- 
vice. The Post Office simply carries the news. Tbe 
question then which presents itself is, to what extent 
the nation is prepared to go back to the system of protec- 
tion which formerly obtained. Probably it might be fond 
on inquiry that some modification of the extra addraM 
rates should be introduced, or that certain classes ef 
news — sporting news, for example — should be regarded ss 
a luxury, and charged for at a higher rate. Bat of tlii ^ 
we feel sure, that when the sutjaft coMes up ibr discM* 
sion in Parliament* the ^^— ^'*****^ ir^ - Ptrl^s i "T 
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and general intelligence will be viewed as a national ser- 
vice, not to be measured solely by the commercial con- 
siderations urged in the report of this Committee." 



DISMISSAL OF GOVERNMENT 
TELEGRAPHISTS. 



Government, like men, are beginning to learn the art of 
perpetrating a wrong gradually. What in the time of 
Liberal ascendancy would have been denounced as revolu- 
tionary audacity is, when brought under the Tory sliding- 
scale, complacently glossed over, if not excused. Of this, 
one important branch of the public service is just now 
famishing an apt illustration. Terrible commotion was 
excited in the Telegraph Department of the Post Office by 
a Treasury mandate — issued, singularly enoup^h, just too 
late for a protest to be made in Parliament against it — 
enjoining all those operators not a^ually in the Telegraph 
Companies* service, who were taken on by the Post Office 
in a critical emergency when the Government acquired the 
telegraphs, to submit to an examination by the Civil Ser- 
vice Commissioners. Such was the indignation aroused 
among the several hundred telegraphists who, after having 
for 3rean been recognised as permanent Government em- 
pioyh, and not long ago been included in a new " classifi- 
cation list,'* that it would be hazardous to state what 
would have happened had this mandate been promptly 
enforced in its entirety. Remonstrance from a high 
'authority at the Post Office, though ineffedlual to stop the 
flagrant wrong, had a certain weight with the Treasury. 
The recalcitrant telegraphists, instead of being assailed 
in massg, are being subdued in defile. Little batches are 
being quietly summoned before the Commissioners ; and 
if th^ are unlearned in the Eleusinian mysteries, the phi- 
losophy of Pythagoras, or unable to define the limits of 
the sodiac, or attain whatever standard of proficiency may 
have been prescribed by the Commissioners, they are to be 
sent to the ** right about,** and be superseded by others, 
who, perhaps, cannot distinguish between a Morse and a 
Wheatstone. Those who agree with the viAims as to the 
hardiness of the proceeding, however, may be surprised to 
hear that it is not in mythology or other antiquated lore, 
bat in plain English geography, that the men are most at 
fanlt; for an acquaintance with Bradshaw is certainly 
essential to those who are entrusted with the vital mis- 
sives whidi hourly flash through the telegraph wires. 
Potting aside all question of the merits or demerits of com- 
petitive examinations for public appointments — for the 
case of these old telegraphists is quite exceptional — the 
man who was a competent operator five years ago is hardly 
likely now to be inferior to a fledgling fresh from the 
** crammer;*' and ill-natured Radicals may, to say the 
least, think it a little ungenerous for a Government that 
rode into power upon a wave of discontent in the Civil 
Service now to out-Herod Herod by resorting to ** weeding 
out " by a system the most obnoxious of all in the Civil 
Service—" plucking.*'— TA* World. 



NOTES. 



The Central American Telegraph Company (Limited) 
announce that the cable between Para and Demerara, 
tonching at Cayenne, is now open for public messages, 
thereby giving dired CQmmunication between North and 
South America. 

Qnadroplex telegraphy has very recently been accom- 
plished on the Madras Railway Telegraph. The system 
wfaicli Mr. Q. K. Winter, the tdegraph engineer, invented 
la M«fdi last pfovtd perfedly snccessfal on 80 rnOet of 



line, and its extension to lines of greater length is simply 
a question of additional condensers and battery power. 
The principle of sending two messages simultaneously in 
the same diredion, on which this quadruple system de- 
pends, was successfully worked between Salem and 
Madras on April i6th last, but unfortunately other duties 
prevented Mr. Winter carrying out the duplexing of 
this principle until very recently. His exertions have 
now been crowned with triumphant success. 

Dired communication has been efifedled between 
Continental Italy and the Island of Sardinia, by means 
of the new submarine cable laid between Orbetello and 
Terranova. The nucleus of the cable consists of seven 
copper wires, covered with three layers of gutta-percha, 
alternating with three layers of Chatterton*s composition. 
The copper weighs 107 lbs. and the gutta-percha 140 lbs. 
per nautical mile. The length of the main portion of the 
cable is 106*016 nautical miles (=3 193*342 kilometres), 
besides two portions, of 3 and 7 miles respe^ively, run- 
ning along the coast. 

The eledric light has recently been applied for lighting 
the mills belonging to Messrs. Heilmann, Ducommun, and 
Steinlein, in Mulhausen. In a separate room four mag- 
neto-eledric machines are placed, which feed four 
suitably located lamps construded on the Serrin principle; 
The dimensions of the room so lighted are 60 metres 
(s 196*8 feet) by 30 metres (« 98*4 feet). Each lamp 
gives a light equal to about 100 Carcel lamps. Each 
magneto-ele^ric machine requires about 50 kilogrammetre 
(360*8 foot-pound) motive power. The cost of the four 
lamps, exclusive of the maintenance of the motive power, 
averages about lod. per hour. The magneto-eledtric 
machines have each cost 1500 francs (s ;f6o), the whole 
arrangement amounting to 8000 francs, or ;£'320. 

A singular occurrence on the Stock Reporting Telegraph 
lines, at Montreal, Canada, is reported by the New York 
T$legrapher\ — The galvanometer used would vary so 
much that it was necessary to take out or put in at times 
500 ohms resistance to steady it. There is about 3000 
rheostat resistance in the line. A peculiar smell was also 
observed, which became so strong that the operator could 
scarcely stand it. Upon an examination being made 
under the transmitting table the remains of a mousey 
which had got in between the two battery thumb-screws, 
was discovered burned to a cinder. It is rather singular 
that during the whole time only one or two of the instru- 
ments were seriously affeaed. It is not known how long 
the mouse was thus caught, but it must have been for 
some time to have been so thoroughly cremated by the 
battery current. 

There is no probability of the negotiations for the con- 
solidation of the Atlantic and Pacific Telegraph Company 
with the Western Union, to which we referred last week, 
being brought to a pradical issue. Mr. Jay Qould, on 
behalf of the Atlantic and Pacific Company, hat since 
withdrawn all propositions for negotiation* 
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A Treatise on the Origin^ ProgresSt Prfventiun^ and Cure 
of Dry Rot in Timber ; with remarks on the means of 
Preservings Wood from Destruction by Sea-Wonns. 
Beetles, Ants, &c. By Thomas Allen Britton. 
Londi>n : E. and V. N. Soon. 1875. Crown 8vo, 
cloth ; 320 pige<, and 10 illustrations. 

In the title of this work the author does not fully describe 
its scope. It wou'd seem to be more corredl to substitute 
decay for dry rot in the title pajsje, because the greater 
portion of the work is upon rot produced by moisture. 
and the vegetable — the fun>;us — which M. Bourseul in a 
recent number of this journal stated to be generally its 
special attendant. 

M. Bourseul declares dry rot to be the result of the 
dominant aAion of air; wet rot, the result of the dom- 
inant adiion of water : in other words, a chemical change 
of the timber's substance. The latter may exist alone, 
but more generally is accompanied by a fungus, 
by which the destructive effcAs are largely multiplied. It 
is this form of decay which telegraph engineers iind so 
difficult to prevent. 

Our author's nomenclature of dry rot, however, as will 
be seen from the following quotation, embraces an area 
including both the above kinds of rot. He says : *' The 
opinion generally received has drawn a line of discrimina- 
tion between the decay accompanied by a vegetable 
spreading on the surface of the timber and that which is 
effeAed by an animalexisting within it, which decay is 
frequently denominated the worm in timber ; but as each 
is equally entitled to the dreaded appellation, they might 
be more justly distinguished as the animal and vegetable rot. 
Dry rot in timber derives its name /rom the effect produced 
and not from the cause : it is so called in opposition to the 
wet rot, which is properly denominated, as this exists 
only in damp situations, and is applied to the decomposi- 
tion of tirhber containing sap and exposed to moisture. 
Dry rot differs from li^et rot m this respect that the former 
lakes place only when the wood is dead, whereas the latter 
way begin when the tree is stattdin<r.** The italics are our 
own, and Miow that notwithstanding a restri^^d title, the 
treatise if an exhaustive work must refer to that special 
decay so injurious to telegraph poles. 

Some idea may he formed how difficult it is to prevent 
the frudlification of fungi on timber from the statement 
that *' some patucalists have insisted upon their sponta- 
neous produdioh, whilst others maintain the seed is taken 
up and supported !n the air until a soil proper for its 
nourishment is presented ;" and again, " if rot shows J 
itself in a damp closet or pantry, the inside of the china 
lying there will bq coated with a mould, or a fine powder 
like brick^lust, no other than unaccountable myriads of 
the reproduA've spores or seeds of the funsius. . ' . . 
If these be allowed to fall on wet flannel, damp blotting- 
paper, or wet wood, they immediately germinate and pro- 
ceed to reproduce the parent fungus. The red sk n of the 
spores crack at both ends, and fme mycelial filaments are 
sent out: this is the •' mould." spawn, or mycelium.*'' 

Is it to be wondered, therefore, that, notwithstanding 
the greatest care, fungi are sure to attack our poles and 
posts whenever favourable conditions arise — that is when 
the poles are situated in damp and wet positions exposed 
to alternate heat and cold ? These favourable conditions 
irr. mediately produce the timber's disintegration; it fer- 
ir.cn's, and immediately the almost omnipresent spores 
.•ittack the fermenting wood with destructive energy. 
Nf r can we be surprised at the little benefit often 
att^nding the exposure of undersoil to the atmo- 
sphere when fungi spores may be thrown off into the air 
froiD neighbouring fungi, and carried into the upturned 
soil by the n^t heavy shower. 

' A mat many examples are given to prove that timber 
^itt bi f^ire^lBfv«d fbr' a Ivng" ptood if K W always kkfi 
dry or always mi, ftod ^t tlbetc sziM ft point beiWMO 



the two when '* rot" takes place most rapidJy. " Decay 
of timber will," however, *' arise from the effc^^s of con- 
tinued dryness or continued wetness, under certain condi- 
tions." What these conditions are Mr. Britton unfort::- 
nrttely does not tell us. It is likewise mentioned on the 
(':ih>)rity of Mr. McWilliam, that if the temperatate b.- 
••ery low or very hisrh, the effeAs are the same wi''-i 
■ esprA to the growth of fungi. At So* rot procT^^. 
:-:ipidly; at go^ its progress is more slow; at lo-o^ it i-, 
-lower st-ll, and from xio° to 120** it will in general be 
irrested. It will proceed fast at 50'' ; it may be generated 
at 40** ; its progress will be slow at 36^ ; and u arrested :t 
32"^; yet it will return if the temperature is raised top. 

Regarding the description of the difierent kia^s 0: 
fungi — *' In the earth they are fibrous and perC^Iy wfaitr. 
ramifying in the form of roots ; passing ihroagh sab- 
stances from the external surface, they sometimes differ 
from that form. Here it separates into innamead)le 
small branches." Proceeding from the slime in ll»e fis> 
sures of the earth, they are generally vexy ramous, han&i 
round fibres -shooting in every diredion. If tbey axue 
from the roots of trees, their first appearance is tone* 
thing like hoar-frost ; but they soon assume th^ muh- 
room shape. 

On the other hand, that " protruded from a very daoji 
situation is fibrous, of moderate thickness, andfieelsflBi&f. 
From the spot whence it arises it extends equally arooai 
wholly covering the area of a circle. ... Its Mtface 
is pursed, and of various colours ; the centre is <^a dnl^ 
Hrown, mixed with green, graduated into a red, wUd 
degenerates into a yellow, and terminates in white." 
Then comes the MeruUus Lachrymans so well knovB U 
telegraph engineers. U is *' large, fleshy,' but spct^ir. 
moist, ferruginous yellow, arachnoid and velvety b^ij^au; 
margin tomatose, white ; fjlJs ample, porous, an^ qtoso- 
dentate." 

Another formidable fungus is the Polypanis kybniu i 
white, mycelium thick, forming a 4ense membrane, cr 
creeping branched strings ; hymenium breaL^g fip ioU 
arise ; pores long, slender, minute.** ' * ' 

Such is a description of these slender but ^^tcu^ft 
vegetables. Though so fragile, we have it on veiy At 
authority that they have, by growing betwixt the tiancn 
of a man-of-war forced the plank from the fhyi's iUi 
half an inch, ^'^oth^r instance of the U^ifg povc 9< 
fungi was observed at Basingstoke not many moa(kisjfBtf 
the town had been paved. The stones m one sp$iC fCR 
lifted by the growth' of large toadstools (i^neat^ tW 
One of the stoQ^s measured 22 inches by %i ind^ a|i 
weighed 83lbs., and the resistance aQbr^^ kx tfi^ ilW^ 
which held it' in its place would dot;Vt)c|s b* f V^ 
obstacle than the weight. ~ . " 

Canadian yellow pine is more subje^ to rot tlud MlE 
or Canadian r^d wood. TnTpe^Uut f< V| prjtvenHv€ §§19^ 
rot. and Canadian tin)he7 is soncietimes largely iwiV 
nated with it. It appears that timber w&en landed i| 
this country, either from Canada, Norway, or Sweden, i< 
frequently found to be largely impregpated with fen^; 
hence it is not surprising, considering the iprp^j 
nature of the plant, the timber used should rea^ 
rot. 

An important question regarding the presenratioo of 
timber is how to destroy or keep away the fungus. Tlii 
does not, we regret to say, call forth any recommenditJoe 
from Mr. Britton, who indeed scarcely touches opoo ^ 
question. 

We are informed that *• the confinement of timber 
under most circumstances is attended with the worti 
results ; yet a partial ventilation (end^ to fan ibe liac 
of decay." Also, ** if dry air be properly admitted, is I 
quantity adequate to absorb the moisture, ft witf Mnf 
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gress." For this reason air is often admitted into build- 
ings without ultimate succfss; on the contrary, the fungi 
have frequently spread after the admission of air. 

Mr. Bntton apparently attaches great importance to the 
lelHng of trees, as upon this depends, in some measure, the 
durability of the timber. The results of a scries of ex- 
periments made in Germany show that December-cut 
wood allows no water to pass through it longitudinally; 
Januar>'-cut wood passed in 48 hours a few drops ; Febru- 
ary-cut wood let two quarts of water through in 48 hours ; 
March-cut wood passed the same in 2^ hours ; Midsummer 
a.nd Midwinter are reckoned the best times to cut down 
trees. At Midsummer and Midwinter the sap has ceased 
to flow, and the extraneous vejp;etable matter intended for 
the leaves has been dislodged £om the trunl^, leaving it in 
a quiescent state and free from the germinative principle 
so liable to ferment. For such a reason wood cut down at 
those seasons is more durable and less ]i.able to rot. 
Next follows a long account of the manner of seasoning 
wood, and charring or carbonising it ; the latter process 
is declared to be highly preservative. By seasoning is 
meant not only the driving out the sap but the injeAion of 
some other fluid, so that the various preservative processes 
all come under this heading. 

1. These processes we are told somewhat reduce the 
tranverse strength of the timber when dry. 

2. . The oils most proper to be used are linseed, rapeseed, 
cr almost any of the vegetal le fixed oils. 

3. Animal oils are .njuriuus to timber by rendering them 
brittle, though they preserve it from roLtenness. Combined 
with saline matter it is prcseivative. 

4. Fish oil used alone is ineligible ; it loosens the cohe- 
sion of timber. 

5. Mineral oils are good. Petroleum provides entire 
immunity from decay and the ravages of the vvhite ant, 
but is too inflammable for use. Creosote is also inflam- 
mable, but is considerably cheaper. 

The work is altogether worthy of careful study. It 
contains interesting accounts of the methods of injeding 
ittlphate of copper, corrosive sublimate, and creosote, into 
the pores of wood. The question how best to preserve 
6i|r telegraph poles is a home subjeA to many of our 
niiadets, and though the author does not advance any 
strikingly new ideas there are suggestions which cannot 
lail to arrest attention. For instance we do not remem- 
ber to have ever seen it proposed to plant poles in the 
ground in an inverted position to that in which they grew. 
ft is stated that such a course adds greatly to the dura- 
bility of the pole for the simple reason that the valves of 
tbe sap vessels of the growing timber open upwards ; and 
^tAntn that position is reversed the valves prevent the ascent 
^moisture from the soil into the wood. 
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G^mfUs Hindus Hebdomad aires des Seances de VAcadsmie 
des Sciences t tome Ixxxi.. No. 9, and 10, August 30, 
1875 f and September 61 1875. 

Ble^ric Conduaivity of Moderately Condudtin|f 
Bodies.— M. Th. du Moncel. 



Lis Alondes, vol. xxxviii., No. 2, September g, 1875. 

Aurora Australia observed at the Rio de Janeiro 

Observatory on February 15, 1875 ; Observations o|i 

|s Sjpe^ntmi and Conclusions therefrom. — M* Liais. 

,ifsTliis aurofj^ shows4 4^ ted and green rayv strong enough 

^i^CWP ^^ 9*^y^ if- ^ iii«^Uoscep«, an4 it pnsaN»M4 

M ORunaiy aspeds of these pheno^p^sfiii yMh ^rr^$•fBI 1^ 



divergent appearance, whose starting-points were upon an 
arc having its centre in the magnetic meridian in a point 
situated below the southern horizon, towards the dire<fUon 
of the compass's dip ; the apparent conver<;ence of the 
beams towards this point indicated their parallelism with 
the needle's dip. Reddish tints were at tl.e base of the 
beams, and the spedroscope revealed (at their ba^e) three 
very brilliant green rays and a red band. The measure* 
ment of the position of this ban^i was (reckoned on the 
undulatory scale) expressed by the number 628*8; the 
position of the green rays being 556*9, 53i'8, 516-3. The 
same was also observed in the green portion of the beams, 
where another band was fuuod whose measurement was 
4688. These rays are found in the table of the sulphur 
rays by M. Salet. They had been noted by M. Angstrom 
before M. Salet, at a date when the ray 557 was not recog- 
nised as special to any known substance ; they were like- 
wise observed in the solar coronn. It was at first concluded 
that auroras were cosmic phenomena, until sulphur (which 
exists in the air under diverse forms) revealed the ray and 
helped to decide that they are, incontesiably, atmospheric 
phenomena. In March, 1867, M. An^^sirom thought he 
dc:teded the ray 557 in bright light ; but M. Liais attributed 
it to the beam ofan aurora situated in the diredion of the 
zodiacal light. He proved that, in intcr-tropical regions, 
the zodiacal light reveals no trace of rays. Auroras are 
thus phenomena very independent of both zodiacal light 
and solar corona ; they are due to a sort of phosphores- 
cence, caused by the passage oreL'(ftr c currents into sul- 
phurous matters suspended in the air. The phosphorescent 
properties uf sulphur and its compounds at a low tempera- 
ture are well known. 

Ele(£tric Condu&ivity of Pyrites.— M. Duffet.— See 
page 22. 



yonrnal Tclegraphique^ vol. iii., No. 8, August 25, 1875. 

The St. Petersburg Internaticnal Telegraphic Con- 
Conference. — Third article. 

D'Arlincourt's Autographic Telegraph. 

New Organisation of the Italian Telegraphic 
Service. 

International Service Regulation annexed to the 
International Telegraphic Convention of St. Peters- 
burg. — This is a set of rules which Article 13 of the Con- 
vention provides, and whose terms may at any time be 
modified ^y o^M^M^l agreement of the contracting S^t^. 
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ABSTRACTS OF SPECIFICATIONS. 

Improvements in electric telegraphs. George Allan, civil 
engineer, and James Wallace Brown, eledrician, 18, LIm- 
denhall Street, London. February 12, 1875. No. 525. — Tne 
main objeds are (i), to record dots and dashes sent through 
submarine cables at a superior speed ; (2), to translate or 
re-translate signals from one circuit to another at a supe- 
rior speed ; and (3), to relay or re-translate from land to 
submarine or insulated line without sending land line cir- 
cuit through cable line or vice versa. The improvements 
consist: — First. In constiu&ing what we call a coQtad, 

f)referably of a metal bar proviiied with adjustable insu- 
ated platina discs or stops. The said bar is free to move 
in bearings, so as to be a^ed upon by an armature. 
Second. In a disc free to revolve in bearings, preferably 
on the armature above mentioned. Part of sai4 4iSP 
serves as insulator and part as condi^Aor; the con()i)diog 
portion is provided with a local wire. The f»i4 4i»c bfim 
against a metal surface also prpvi^ed wt|ll a Ipcal WHl* 
VariQMf arr^ngeinenti tquivaleqt to ihp Mi4 disp x%%i(, be 
iih4. 7)iiri in M\i »|t «l CQapf»MiB| i«fM0 IB ttBt 
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Patents. 



Unation with oar movable tontad, aAing one against the 
(ither,andsoadjuBtcdastomaimtuo the armature of 1 relay 
or iti equivalent in any required poiition. Theiprings and 
magnet afl on the armature so as to compensate each 



conncfting the armature of the relay or pecker 
line. The forward slop of the relay or pecker is connefted 
through the right hand el edlro- magnet and the back stop 
through the leift hand ele^ro* magnet, or vice vtrta, to the 
opposite poles of the battery, the centre of the said bat- 
tery being carried to earth. Fifth. In connedling the 
receiving rela^ or pecker through it? armature or equiva- 
lent to a receiving battery. The centre of such battery is 
cotineded to earth, and the extreme positive pole to the 
right hand slop of relay or pecker, and the extreme nega- 
tive pole to the left hand stop, ot vice utrsa. Sixth, In 
winding the relays diflcrenlially. Seventh. In using two 
arms pivoted one on each side of an armature or ilsequi- 
valent, of a relay or pecker or the equivalent of a relay 
or pecker, the eaid arms being placed angularly in rela- 
tion to the armature but in the same plane. The free 
ends of the said arms are conneded together by ■ bar 
which passes freely through a hole or slot in the arma. 
lure. The ends of the said bar serve as contaifl points, 
and a parallel bar passes through the armature and has 
the ends touching the arms above described. Stops are 
provided and compensating sptings are attached to the 



ImpTovemtnli in signalling or vjorking signals on rail- 
Vays and in the means or apparalta emfloyed thertin. 
William Robert Sykes, telegraph engineer, Nunhead, 
Surrey. February 23, 1875. No. GGa. — This PTOvisioaal 
Specification describes a novel system of signalling or of 
working signals whereby it becomes impossible for a 
signalman to give the signal for a train to proceed until 
he has received a signal from the next station or signal- 
ling point that the previous train has paaned. The sys- 
tem is in ta.Oi a combined lock and block system, the 
movement of a signal lever for a train to proceed having 
the elTeA of locking that lever until the lock is released 
hy the movement of a lever at the next station or signal- 
ling point after the train hjs passed it, while the lever at 
the said neat station cannot be moved until freed by the 
movement of a lever at a third station or signalling point 
shewing that the line between the second and third points 

Improvmtnts in the canitrucUon of the balancing 
apfaralut or imiialion telegraph lint or cable to be used 
in duple* or other telegraphy, also of electric condensers 
and resistances. Herbert Amaud Taylor, 7, Pope's Alley, 
Cornhill, and Alexander Muirhead, 159. Camden Road, 
Middlesex. February 14, 1875. No. 684. — With papei 
pulp is mixed a substance such as blacklead (plumbago) 
or precipitated metals, as gold, silver, copper, or other 
^ood conducing substance by which a moderate conduc- 
ing power is imparled to the paper produced from the 
pulp. 

APPLICATIONS FOR LETTERS PATENT. 
2996. Walter John Kilner, Bachelor of Medicine, of 
104, Ladbroke Grove Road, Kensington, Middlesex, for 
an invention for " Producing a continuous current of elec- 
tricity by means of a rotating magnet or magnets, in 
combination with or without an apparatus for regulating 
the tension of the current." — Dated August aG, 1875. 

GRANTS OF PROVISIONAL PROTECTION FOR 
SIX MONTHS. 

3767. To Edward Griffith Brewer, of Chancery Lane. 
London, for the invention of " Improvements in the pro- 
du^on of ele^lric light, and in apparatus therefor." — A 
communicatioD to him from abroad by Stephan Atexan- 
drovitch Kotloff, of St. Petersburg, Russia. 

aBo3- To Robert Horley, Secretary to the Improved 
Blaaric Tolegmph Company, Limited, of iiS, PAlmenton 



Uuildingt, London, for the invention of " Im, 
n .eleflric telegraphs." — A communication to him bom 
[broad by Juheo Godener, of 57, Rue de rOnest, Paris, 

2844, To Sir James Anderson, Knight, of 66, Old 
Broad Street, London, Edward Bull, elcArician, and 
George Oscar Spratt, both of Porthcurno, Cornwall, fee 
he invention of " Improvements in elei3ric telegtapb 

2910. To Augustin Billet, gentleman, of Lille (France], 
Rue Nalionale, 30, for the invention of " An impnned 
lutomatical apparatus applicable to eleAric tdegnphi fat 
cgulating their working." 

2gzr. To John Henry Johnson, gentleman, of 47, 
Lincoln's Inn Fields, Middlesex, for the inventioo of 
'Improvements in eledtic clocks or clockwork." — Acon- 
nunication to him from abroad by Emile Joanni Gondolo, 
if Paris, France. 

NOTICES TO PROCEED. 

2309. George Tomlinson Bousfield, of Sutton, Stun;, 
las given notice in reaped of the invention of " Impton- 
nenla in apparatus for thd adjustment of roaguetie 
needles." — A communication to him from abrttad bj 
George lies, of Montreal, Quebec, Canada. 

3434. William Stroudley, engineer, and Stephen Rn- 
bridge, inspeiSor, both of Brighton, have given notice is 
reaped of the invention of "Improvement! in appaiam 
for and in the method of signalling between pans <di 
railway train, parts of which apparatus are applicaUela 
r.r for other purposes," 

2719. Charles Edgar Welton, of Field House, Him*', 
Middlesex, has given notice in respeiS of the invention of 
" Improvements in magnetic apparatus and its appliotioi 
to various purposes." 

1771. Sir Charles Wheatstone, Knight, of Park Ci»- 
cent, Regent's Park, Middlesex, has given notice inies|icd 
,,f the invention ol " Improvements in the mode of ui 
apparatus for apulying elefiriclty to give telegraphic ■!■ 
iials And work telegraphic relays." 

2787. John Henry Johnson, gentleman, of 47, Liacols'l 
Inn Fields, Middlesex, has given notice in re ip c ffl ilf d« 
Invention of " Improvements In producing cledric Hfulh 
tires, and lights, and in the apparatus employed tbon-' 
—A communication to him from abroad \rj Frtapii 
Ernest de Mersanne, of Paris, France. 

PATENTS 
On which thb Stamp Duty of f 50 ha* wtxM no. 

a46r. William Robert Lake, of the 6nn of HaiJliw. 

Lake, and Co., patest agents, SoutbMnpton BuiKhpi 
London, for an invention of " Improvement* in tkdw- 
magnetic signalling apparatus." — A cammaniatiaB ts 
him from abroad 'by Frank Leonard Pope, defttiEil 9- 
gineer,«f Elizabeth, New Jersey, U.S.A. — Dated JjfHt 
-9. 187a. 

PATENTS GRANTED IN FOREIQN STATES. 

Bei-oiuu. 
37,536. I, L. Pulvermacher, a patent of i 



iprovements in means of and apparabii b^t^ 
ducing and applying elefirical cnrrcnta." — Dated Jalf A 
1875. — (Original patent, August I, 1871.) 

37i547- P- E.de Mersanne, for an imported iiiiiiilif i^ 
'■ A process and apparatus for producing elediic iipA, 
fires, and lights."— Dated July 30, 1875. — (Firacb psM 
May 31, 1875.) 

37,SSS. Dignez Brothers ana Co., a patent ufiiiifW 
ment for " Improvements in teleKrajuiic appantal-*'' 
Dated August 5, 1875.— (Origiii«r patent, JanvMyqi 
r870.) 

37,591. D. Ronsiean, for mi imported U watiM 4'. 
" Improvements in circttit-cloiert for eledbie lail wi 
I signaUing apparatiu."— Dated Angntt fi, lOjj. |ii#i- 
[ patent, July a6, 1(75.) -' ! 
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France. 

106, XI 2. Chutaux, for *' An ele^ric battery and exciting 
produd." — Dated December 17, 1874. 

106,113. Chutaux, for *' An eledric battery." — Dated 
December 17, 1874. 

106,125. Lor^my, of Paris, for " An eledtro-chemical 

E recess for silvering or foliating plate-glass.'* — Dated 
December 31, 1874. 

106,180. David, of Paris, for "An eledro-magnetic 
alarm." — Dated December 29, 1874. 

106,212. Dumoulin-Froment, of Paris, for " Mechanical 
contrivances for regelating eledric apparatus, such as 
telegraphs, clocks, registering apparatus, and especially 
Morse dial-telegraphs." — Dated December 31, 1874. 

101,936. Lontin, for " A dynamo* eledtric machine." — 
Dated December 31, 1874. — (Certificate of Addition.) 

United States. 

164,270. Galvanic Batteries, — Howard P. Dechert, 
New York. — Interposes a secondary or local adion copper 
pole between the poles of a sulphate of copper battery, 
and near the zinc pole, in order to prevent the accumula- 
tion of copper upon the zinc pole when the sulphate of 
copper solution rises too high. A secondary or local 
circuit pole, separate and distindt from the primary pole, 
applied in connexion with a primary pole, substantially 
as and for the purpose set forth. 

164,661. Electrical Billiard Registers, — Chas. H. Russell 
and Julius Sax, assignors to Bernhard Ahrens, all of 
London, England. — Two index fingers, one for each ball, 
carried on same shaft, one diredlly, one by a sleeve, each 
aAuated by its own eledlro-magnet and circuit. First 
one around aduates mechanism scoring one game on the 
smaller or game dials, i. The combination of the arma- 
ture levers C C, the intermediate gearing a^ aty and the 
index hands, substantially as described. 2. The com- 
bination of the armature levers, the intermediate gearing, 
and the index hands, with the game recording mechanism 
consisting, essentially, of the loose pulley M with its 
discs and stops, the intermediate gearing, and the 
recording dial and index, as described. 3. The 
combination of the pushqr lever C, and the stop di 
for limiting its backward movement, as described. 
4. The combination of the pusher lever C, and the stop 
d* for limiting its forward movement, substantially as 
described. 5. The combination of the pusher lever C, 
and the stops d^ d* for limiting its forward and backward 
movement. 6. The combination of the index hands a> a* 
and the gearing a* a*, having the weight £, as described. 
7. The combination of the studs N, the spring stops m*, 
loose pinion M, and the conneding gearing, as described. 
164,723. Electric Toys, Wm. Decker, New York. — 
Eledricad excitation in the glass, resulting from rubbing, 
causes the figures to dance and execute various gymnastic 
feats. The eledtric toy composed of the glass plate A, 
which is supported on legs B, and of the rubber C, com- 
bined to affed the figures D D, which are placed beneath 
the glass, substantially in the manner herein shown and 
described. 

164,807. Galvanic Batteries, Theophile Chutaux, Paris, 
France. — For withdrawing the spent liquid. The tube J, 
provided with an exhaust globe K, and extending down 
into and secured in a tube /, which is secured in and ex- 
tends to the bottom of the porous cup, and is made of 
non-conduding material, substantially as and for the 
purpose set forth. 

6,508. Duplex Telegraphs and Circuits there/or, Jos. 
B. Stearns, Boston, Mass., assignor to the Western Union 
Telegraph Co., Patent No. 132,932, dated Nov. 12, 1872. 
— ** Bridge duplex" circuits arranged to pass currents of 
•ending station around receiver of such station, i. A 
duplex telegraph having a receiving instrument placed 
, between the main line and an artificial line, and a connec- 
ttoa from the transmitting key to both sides of the receiv- 
iag inHmment, to that such receiving instmmente may 
be at a neutral point with reference to the eledric polia- 



tions produced at that station, substantially as set forth. 
2. A duplex telegraph containing a receiving instrument 
placed at a neutral point, and an eledro-magnet in the 
artificial line, substantially as set forth. 3. The combi- 
nation of the receiving instrument with the resistances 
R, Rj, R21 in the manner and for the purpose set forth. 4. 
The combination of the receiving instrument and the re- 
sistances R, Ri, Rai.with a series of smaller resistances, r, 
as and for the purpose set forth. 5. The combination of 
the receiving instrument A with the eledro-magnet B, as 
and for the purpose set forth. 

164,921. Electric Fuses. — C. L. Kalmbach, Richmond, 
Va. — I. A fulminate primer constructed by sealing a fflass 
vial containing the fulminate of mercury hermetically in 
a chambered wooden block, substantially as set forth. 2. 
In combination with the firing wires, a quill within which 
the ends of the wires are adjusted in proper relation to 
one another, substantially as set forth. 

164,940. Train Telegraphs, — A Ryder, Oakland, Cal. — 
Designed for use with that class of signals in which the 
breaking of an eledric circuit extending from end to end 
of the train sounds a signal upon the engine. The plugs 
or pistons £ moving in the case A A, and provided with 
a guiding slot c, and spring a, so that after the plug has 
been drawn back the spring arm causes the two ends of 
the cable to become re-united, and perfedl contad be had 
between the wires of the cable, substantially in the 
manner as herein set forth and specified. 

165,055. Telegraph Wire Couplings. — Samuel M. 
Barbour and Frank A. Page, Philadelphia, Pa. — A block 
of metal having two apertures for the passage of the 
wires, and provided with shouldered chambers adapted to 
retain the ends of the wires after they are bent back upon 
themselves, as set forth and described. 

165,064. Electro-Magnetic Engines. — Theophile Chu- 
taux, Paris, France. — The two paits of the armature are 
aded upon successively, the lower drawing down the 
upper to a point where the eledro-magntt can ad forcibly 
upon it. In an eledro-magnetic engine, the armature 
lever R, construded in two parts, hinged at one end to 
the frame of the apparatus, one part being conneded at 
its opposite end to the conneding rod S of the walking- 
beam, and the other provided with a hook, //, adapted to 
work within the first-mentioned part, substantially as 
herein specified. 

165,090. Burners for Electrical Gas Lighting. — Saml. 
Gardiner, jun., Washington, D.C. — x. The insulated 
globe holder I, in combination with the wires J and K, 
the one conneding with one burner. A, through its elec- 
trode £, and the other with the next succeeding burner 
by the eledrode F, with the said holders in the circuit 
throughout the series of burners, substantially as des- 
cribed. 2. The negative eledrode £, as a part of, and a 
prolongation of, the separate metallic nipple C, and in 
combination with the burner-tip D, substantially as and 
fot the purposes herein set forth. 3. The combination, 
with the burner and the metallic globe holder I, of the 
wires J K, conneding said globe holder with the negative 
eledrode £ and the insulated wire G' of the positive pole 
passing through and beneath the globe holder, whereby a 
single burner may be lighted through the medium of said 
globe holder, as herein set forth. 

165,063. Dial Electric Telegraphs. — C. T. Chester, 
Fnglewood, N.J. — One train controlled by eledro- 
magnetic escapement, aduates pointer, another controlled 
by the keys, the transmitting break wheel, both brought 
to a common axis, N. On lid of containing box is 
placed ordinary key and bell magnet. Lug on lid, when 
closed, taking on switch, breaks circuit to dial magnets, 
and closes circuit to bell magnet and key, i. The com- 
bination of a shaft turning within a fixed tube or sleeve, 
and another hollow er tubular shaft turning without the 
said fixed tube, with mechanically driven trains of wheels, 
for the purpose of causing independently driven shafts, 
wheels, or devices to revolve upon a common axis of 
motion. 2. In connedion with eledric telegraphic dr- 
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coits, the combination of two independent motors, carry- 
inrg,respedively, a circuit breaking device, and recording 
or receiving devices controlled by a magneto escapement, 
and so arranged that the shaft governmg the motion of 
the circuit breaking device and the shaft causing the re- 
cording devices shall have a common axis of motion for 
the purpose of eledlro-telegraphy, substantially as set 
forth. 3. In combination with any elei^ro-telegraphic ap- 
paratus contained in a box, wherein two or more devices 
having separate magnets may be alternately called into 
use, an attachment fastened to and moving with the lid of 
the box, and a switch or commutator within the box, so 
that the movement caused by the opening or closing of 
the box shall cause ccnnedions with the circuit to be 
made alternately with one or the other magnets, sub- 
stantially in the manner and for the purposes herein- 
before described. 



COMMERCIAL NOTES. 



The traflSc receipts of the Submarine Telegraph Com- 
pany for the month of August last amounted to £9864, 
and for the corresponding month of the preceding year to 

£9^95' 
The estimated traffic receipts of the Anglo-American 

Telegraph Company on the yih inst. were £1540 ; on the 

8th, ;f 1450 ; on the gth, ;f 1430 ; on the loth, jf 1480 ; on 

the nth, ij37o; on the 12th, ;f36o; on the 13th, £1220. 

The traffic receipts of the West India and Panama 
Telegraph Company (Limited) amounted in June, 1875, 
to ;f3482 as compared with ;f2865 in the corresponding 
period of 1874. 

It is stated that, in consequence of a forged bill for 
£7000 having been negotiated, the dire(5lors of Hooper's 
Telegraph Works intend to appeal at once to the share- 
holders, there being no more capital to call up. It has 
been in contemplation for some time past to call a 
meeting of shareholders, owing to the difficulty of getting 
in a large amount due for work done. 

The Eastern Telegraph Company have issued a circular 
containing new regulations, adopted at the Conference at 
St. Petersburg, which come into force on the ist of 
January next. The uniform rate for messages to India 
will be 4s. 6d. per word, but the tariff for places beyond 
India and to South America is not yet settled. European 
messages will be charged, as at present, by a tariff of 
20 words, including names and addresses ; but those for 
places out of Europe are to be paid for at so much per 
word, the sender paying only for the number of words 
sent. Messages may be repeated, to insure greater accu- 
racy, on payment of half the usual rates additional, and 
the hour at which a message has been delivered can be 
notified to the sender on payment, if in Europe, of the 
charge for 20 words, and out of Europe for 10 words. No 
secret letter messages will be received from the public for 
India, Penang, Singapore, or China. The charge for an 
European message which has been delayed 48 hours, or 
an extra- European message which has been delayed 
388 hours, will be returned to the sender if the delay has 
arisen from any other cause than an interruption of the 
wires, provided application for reimbursement be made 
within two months in the case of European, and six 
months in extra-European messages. 

The Indo-European Telegraph Company have sent out 
a circular containing similar information. They refer 
also to the use of code words, which are allowed on con- 
dition that they do not contain more than a maximum of 
ten charaAers in lieu of seven syllables as at present. 

The West India and Panama Telegraph Co. give notice 
jpf the interruption of the Santiago de Cnba — ^Jamaica and 
Punta Rossa — Key West Cables. By the recent opening 
of the Para-Demerara cable, however, diredt coinmunica- 
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The Anglo-American Telegraph Company have reduced 
their rate tor messages tonNew York to is. per word. The 
name of the place from which messages originate are 
transmitted free of charge. 

The cables of the Direa United States Cable Company 
were opened yesterday for the transmission of messages. 
In consequence of the reduAion of the tariff rates of the 
Anglo American Company the following rates have been 
adopted i—To Canada, New York, New Jersey, Pennjjl- 
vania, Delaware, Mar>land, Distria of Columbia, is. per 
word. To Ohio, Indiana, Illinois, Michigan, Wisconsin, 
St. Louis, (Ms.). IS. 4d. per word. To Missouri, Kansas, 
Nebraska, Iowa, Colorado, Wyoming, Utah, Nevada, 
California, is. 8d. per word. The name of the placefrom 
wh ch messages originate are transmitted free of ckarfc. 

Telegrams for th^ United States and West Indies are 
now received at M*Lean*s Telegraphic News Exchange at 
reduced rates. Subscribers to the Exchange, which will 
be opened on Monday, Odober 4, will have the privilege 
of sending despatches at a cost of one word for the ad- 
dress and signature inclusive. 

The Western and Brazilian Telegraph Compasy 
(Lmited) announce that telegrams for Valparaiso aod 
Chili can again be accepted by the Eastern Coropany, or 
any postal telegraph office, if addressed and prepaid to 
their destination. 
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Since the day when Elecftricity was first disco- [ 
vered, until now, its vast importance and its 
high destinies have grown upon the human 
mind. Fresh phases of its power, fresh results, 
new means of obtaining and governing its 
adlion, and multiplied ends to which it may be 
turned, have constantly discovered them- 
selves ; till to-day it stands out as one of the 
grandest subjecf^s presented to the scientific and 
practical world for investigation and research. 
Perhaps, however, no other Science or Art 
has exhibited so extraordinary a concurrence 
of anomalies. It is at once the most ter- 
rible monster and the most humble and 
obedient servant , its adlion is at one moment 
beneficial, at the next destructive ; its range is 
boundless, yet it may be ** cabined, cribbed, 
confined " at ease ; it is everywhere present, 
while its nature is only imperfedlly understood ; 
and, to crown all, although it is one of the most im- 
portant agents in the adlion and the phenomena 
of the universe, and increasing knowledge of 
its applicability to the needs of our race is of 
the utmost importance, no diredl means of as- 
certaining the thoughts and discoveries of its 
students, or of bringing them before the scien- 
tific and mechanical community, at present 
exist. Attempts have been made to supply 
this want, and journals have been started 
with the professed objedl in view of making 
public all that is known or can be learnt 
of Eledlricity in all its branches. But they 
have degenerated into unscientific records of 
unimportant events, and the purpose for which 
they were established has been lost sight of. 
Thus it comes that — while Engineering, Che- 
mistry, and other Applied Sciences have all 
their representative recognised organs — the 
Ele(5lrician finds himself without any current 
journal from which he can learn the events 
which are daily occurring of peculiar interest 
to himself. 



Such a want has now been supplied by tbe 
establishment of the Electrical News a«d 
Telegraphic Reporter. In its columns wiDbe 
found the most valuable opinions of emincat 
Eledlricians and scientific men all overtheworid. 
Articles will be contributed which will beef valne 
not only to those who study Eledlricity as amateur 
experimentalists or scientific inquirers^ but alu 
to those whose daily life is bound up with tbe 
advancement of practical knowledge in all d^ 
partments of the science, and who as elec- 
tricians, telegraphists, eledtrotypers, eledio- 
platers, and chemists have continually to ded 
with the sam^ marvellous agent of force in 
different ways. Nor will the doings of foreip 
societies be ignored as in times gone by, bit, 
in the shape of carefully prepared abstndii 
their proceedings will be presented toourreadea 
Every opportunity will be given for the heaUi- 
ful discussion of the science in all its brancheii 
and a fair unbiassed course will \fc steered in 
all questions of dispute. 

This, then, is our Programme in brief. Moie 
we could promise, but prefer to let the nev 
periodical speak for itself. The subjed witb 
which it will deal is of too great importanoe to 
need one word of recommendation. Dailjcf- 
perience teaches us that we are as yet on Ae 
threshold only of a vast expanse of etedbicd 
knowledge. This has to be explored, and tf 
the research gains in strength and intelligence 
the results will be far beyond all present coa- 
ception. The feat of girdling the earth ii 
forty minutes will be eclipsed by great deeds 
yet to be done, and if the establishment of 
the Electrical News and Telegrafbk 
Reporter conduces to the hastening of t^ 
desirable end our objedl will have been gaiocA 
and we shall be fully rewarded. 

Boy Court, Ludgate Hill, London* £.C. 
yuly i8t, 1875. 
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RIC CONDUCTIVITY OF MINERAL 
SUBSTANCES.* 

\y the Count Th. du MONCEL, 
Mcmbrc de Tlnstitut de France. 

presented to the Academie des Sciences de 
ber 5 and 26, 1874, I remarked that elcdtric 
cross minerals is most often accompanied 
ergetic polarisation efledls, which result 
weakening successively (and in enormous 
he eledric current traversing them ; also 
first weakening it and afterwards increasing 
utset I had attributed these effedis to local 
ped in the interior of the stones under the 
the traversing current — actions which, by 
th the effedis of polarisation, might be able, 
a limit, to account for the observed results, 
le nature of these local adions ? That was 
d to be cleared up. To answer this question, 
ughly precise the fads, I had a certain 
me samples of diilcrent kinds cut with great 
ially study them. One of these samples — 
mong all the others by reason of the con- 
ds it affords — has enabled me to give very 
ons in this resped, and bring to light very 
ew phenomena to which I desire to draw 



The stone which has supplied me with such curious 
observations is a grey flint already spoken of in my com- 
munication of Odober 5, 1874, and which I met with in 
the calcareous stone quarries of Heronville, near Caen. 
I had a small prism cut out of this stone (about 38 m.m. 
long, 24 wide, and 5 thick) two faces of which I had 
carefully polished ; and it was not experimented upon 
until after it had been preserved for seven months in an 
extremely dry place. Notwithstanding its dryness, the 
condudivity of this stone was so great that in order to 
ascertain the variations of the current's strength travers- 
ing it from a Daniell battery of 12 small elements, I was 
obliged to add a shunt of 4 kilometres resistance to my 
galvanometer of 36,000 turns. The results obtained 
from this stone being altogether peculiar, I studied them 
parallelly with those obtained from other stones as repre- 
sented in Table I. ... 

Platinum eledrodes were used with surface of 240 
square millimetres (which enveloped the two ends of the 
stone), and they were separated by an interval of 15 
millimetres. 

In addition to these, other minerals were experimented 
upon; among them yellow and Mack agate, cornelian, 
jasper, amethyst, malachite, amazon stone, opaque Ice- 
land spar, and porphyry ; but .they gave no lasting ' 
deflcdion, which scarcely reaching 8 to 10 decrees, dis- 
appeared at the end of two or three minutes. 

Of course the current which I have called in- the 
preceding table '* polarisation current,** is that obtained 
when joining the platinum eledrodes diredfy with the 
galvanometer, and after removing the eledric source from 
the circuit. By unmounting these eledrodes, and wiping 
them, as well as the stone, the continuance of these 
polarisation currents may be diminished; but they never- 
theless persist after this operation, and those developed in 
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the fiint from Heronville, after having fallen from So** to 
20^ have still lasted fifteen minutes after being wiped. 

However, the polarisation produced in the stones is 
not completely destroyed even when the needle has 
returned to zero. A prolonged rest of the stone, or its 
being heated, can alone completely destroy the polarisa- 
tion. 

The experiments referred to in the preceding table 
clearly show that polarisation effedis exist within most 
minerals ; and may even sometimes p[ive rise to relatively 
strong secondary currents. But what is the nature of 
this polarisation ? how can it intervene to increase, after 
a certain period of weakening, the strength of the current 
which provokes it? This is a delicate question. If 
ele^ric condudtivity across stones were only the result of 
an electrolytic condu(5tivity effedled in the interior of a 
damp condudor, these effeds might be explained by the 
supposition of pre-existent locaP couples. In a work I 
published in Les Mondes^ of November 19, 1874, 1 showed 
that we could indeed obtain them by introducing a small 
couple of this class into a liquid condudior traversed by a 
strong current. But with stones as hard and as dry as 
those I experimented upon, it is difficult to admit, at 
least for those which furnished the most energetic 
polarisation currents, the presence of this damp conductor ; 
and we are naturally led to attribute the polarisation in 
question to eUctrification of the bodies by electrotonic 
means, and the influence of condensation determined by 
the platinum plates. We know that to an effedl of this 
kind is due the eledtric flow between two glass plates 
under the influence of the induction spark; and the effedls 
produced on submarine cables are only more or less 
complex derivations. The researches made in England 
upon this class of phenomena have demonstrated that 
the condensing adion exercised by a current on a dieledric 
results at first in provoking an electrostatic action which 
is read on the galvanometer, placed in connection with 
the current, by a •* charge current ; " then succeeds an 
eledtric flow across the insulating material ; and lastly a 
sort of absorption which constitutes the phenomenon 
called in England electrification, and which I here look 
upon as a successive molecular polarisation. Of these 
three adtions, transmission across the insulating body is 
the only one which continues to adl upon the galvano- 
meter, and it ought therefore to indicate the different 
phases of the variable period in which the transmission 
passes. To assure myself whether the different circum- 
stances of the observed phenomena were explainable in 
this order of ideas, I undertook from this point of view a 
series of experiments which led me to the curious results 
announced at the beginning of this paper. 

I became at once assured that the polarisation current 
produced under the conditions already referred to has a 
duration so much the greater as the closing of the polar- 
ising or principal current is effedted for a longer time or 
a greater number of times in the same direction ; even when 
before each closure the successive polarisation currents are 
cancelled from the galvanometer. In this latter case if 
the successive closings of the current are equal in 
duration, the polarisation currents which follow, although 
of very unequal duration, maintain really the same 
strength, and the polarising current alone decreases in 
energy. On the other hand, if, after having passed the 
polarising current for a certain time through the stone, it 
be direded in a contrary diredtion of least duration a 
superposition of contrary polarities is produced. This 
signifies that the polarisation current determined in the 
first place is not in any case destroyed by the second ; 
and, according to the duration of the latter in relation to 
the former, we can obtain either a simple weakening of 
the first current, or its momentary annihilation, and its 
reappearance at the end of a shorter or longer time. It 
then even persists for nearly as long a time as if it had 
not been momentarily dissembled. If the polarising 
current be alternately reversed across the stone after the 
poJAfisntioa curreots resulting from it have been can- 
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celled, the effedts are symmetrical on all sides. One is 
able to judge of these different effeds from the foUowing 
experiments on the Heronville flint : — 

I. Positive Currents through the Stone from Right to Lift, 

Strength of the 



Polarising 
Current. 



»gtl 
Polarising 
Current. 



Polarisation 
Currents. 



Darstkn of tte 

PoUrisatiai 

Carreata. 



Ser. X. 

I St closing for 32" 64' 
2nd „ 60 

3rd It 60 



Ser. 2. Str. x. 



55' 
48 

43 



55" 
60 

62 



Ser. 2. 

55» 13' 15 "13' 35' 
59 22 40 19 40 
56 29 zo 23 40 



2. Negative Currents Across the Stone from Left to Right. 

1st closing for 32" 79* 58" 48' 52' 9*50" 9*12" 
2nd „ 50 49 45 46 15 30 15 30 

3rd „ 38 33 44 42 1828 1900 



To verify the effedts produced by two contrary coireiti 
of unequal duration upon the resultant polarisitioa 
currents, I sent my current dire^Iy froai the battery aom 
the stone for ten minutes ; and, after having ascertaioei 
the reading from the polarisation current to be 87*, I 
reversed the diredion for 32" only. The resultant pofar* 
isation current from this was not developed ; all that «« 
recorded was that the reading instead of being 87** feO to 
72** in i' 20". At the end of five minutes the readiiigwtf 
53**. I again sent the current through the stone for}]' 
as before, and the polarisation current then obtaiaei 
ended in totally overiowering, or dissimulating, tkefnL 
At first an inverse denedlion of 90"* was furnished, wUdk 
became 18" at the end of i* 10" ; and, afUr ckoMgiai 
sign it became fixed for some moments at 32* <m tk 
opposite side : then it commenced to lower, and was not 
completely obliterated till the end of 3 h. 45' ate 
stopping for a long time at xo^ 

If we compare the successive lowering of the strengik 
of a polarisation current submitted, as the preceding ooe^ 
to inverse adlions, with the lowering of a similar caam 
abandoned to itself, we perceive that these adioai 
exercise no notable influence. Here, indeed, are the 
different phases of the strength of the previous coneit 
left to itself, and noted every five minutes — 85*,6i',3(*f 
17°. 12% 10% 875", 8^ 775^ 6-5% 6'5% 5% o\ 

If we bring these polarisation effedts near to tbose 
which permanent magnets present, a very lemarioKe 
analogy may be noticed. In the two cases, indeed, the 
exciting adion may more or less deeply penetrate tk 
material according to its energy or its duratioa, tfd 
contrary polarities may be superposed without destxrijiai 
themselves reciprocally. 

In the preceding note I was almost entirely occipiei 
with one kind of stone, and naturally I have not bees alile 
to indicate the general chara^ers which differcDOSk 
various minerals from my present point of view. Norlutc 
I spoken of the effeds produced upon them by moisttR 
and heat — effedls from which, theoretically, importiit 
conclusions may be deduced. This doable qneitiofl vfl 
now concern us. 

If we cast a glance over the table already given, tt vil 
be immediately seen that for a certain number of 



samples the strength of the current traversing them i 
increasing with the duration of the circuits elasure, wiSd 
for the others it continues to diminish. NeveitkcieBi 



among the stones which determine this latter eSbd, then 
are those in which this successive weakening of tk 
current is continuous, and others in which it stops after a 
longer or shorter time, rarely exceeding ten to t«d« 
minutes. Hard stones belong to the latter case; mA% 
in the table in question, onl^ a snccsssivc Vx m wa n ^ 
verified, it is because observations were discoBti n scdf 
soon. Soil and porovs stones, on the oootmy, fsdt 
upon the current, so as- to weaken it in m period fof^ 
tionately greater or less -aceording to their hjgtuiiiUnr 
condition ; and these proportioiM are eometim cs so p^ 
that the current is annulled— pnmd«d| at Icm^ iIhii loV^ 
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metric cDnditiong and temperature of the aurrounding 
medium do not dvour condudlivity. Some idea of this 
diAerence of aifiion may be airivcd at from the following 
table, a record of experimenti made upon the stones juit 
referred to. Each expciiment was carried on fot an hour, 
*nd even more. 

n.^'J-i-. Ml"- MiQ«- Mo'f 

OayicbiotTcd (ii°— is°) 13-5= ii'j'' la" 

„ „ cuRcnl tevcTied (&>— i]) ii'o ii'a 11 
Greta terpentine (19—13) io'5 lo-o is 

Lilu t|Ut (10— lyjl 14*0 ir5 14 

Sirdonyi ti'its '£1'^' "'" "' " 

Gmi'fllnt.." (H— I)) 140 140 16 

Cmh Hdm . . (90-B3) 410 300 19 

„ (u^ Irewned (90-63) jBo 49'> 31 

In certain stones — and resinous quarts, as well as Sar. 
donyx agate, are remarlcable eKampIeG—Ihc ttrcnKlh of 
the current increases when it traverses the Hone in a cer- 
tain dircAion, whilst, on the contrary, it will diminish 
when in the opposite direction. TheiCi moreover, exist 
great discrepancies between the figures representing the 
conduAivity of the same stoae obtained at dilferent 
momeDls ; and these discrepancies are still met with in 
the rapidity of augmentation or wealtening which the 
carrent experiences when it is placed in the conditions 
referred to above. These divergences result from the 
changes of the physical conditions of the surrounding 
medium and of the stone, and the persistent polarisation 
efKeAt whose existence was pointed out in my previous 
communication ; they reaA in a different manner according 
to the dirc^on of the current, as will he observed further 
on. We may always prejudge, from the manner in which 
the current behaves in traversing (he stone, what will he 
tha resulting polarisation current. In fa£t, when, with 
bard stones, the increase of tht principal currtnl's itrtngtk 
it markidly thown, and that only for one diredlion, we may 
almost generally take for granted that polarisation currtnis 
mart or («ii lasting mill bt produced.' But when, afier 
experiencing a successive lowering, tki current maintains 
an even ilrm^ih, or at least departs but tittle from it, either 
in one direifhon or another, we may assume that no polar- 
isation current urlll be developed; at least, with the eleftric 
aource employed. Indeed, none of all the stones I have 
spoken of, excepting Sardonyx agate which furnishes an 
increase of current strength in a single direftioa, will pro- 
duce polarisation currents, however long circuit may be 
closed i experiments have been continued on closed circuit 
for thirteen hours with gun-flint, which furnished a con- 
stant deflcflion of 16°. 

The results are different with soft and porous stones, 
and the reason is this. They are always able 10 set up a 
polarisation current whenever the eleftric potential suflices ; 
Dnt its duration, as well as its strength, depends essentially 
on the greater or less humidity of the stone. Thus, when 
the sample of Caen stone, dried, gave a polarisation 
current of 13° and 11 minutes duration after 10 minutes 
ele^riiicalion, only 44° (reduced to q" after ao minutes) 
were obtained from the same elefirifi cation when the stone 
had been left to itself twenty-four hours and was con- 
sequently moist. It must be stated, however, that the 
polarising current, instead of falhng from 41° to 10°, as in 

(be iDfluence oft palariiinE current of thoit duration ; but. by >ur- 
neatiut Ibit duntlon, we ilwtn sod in obliining ihcm. Thii it 
noticed irben sipetiio eating wltb Calcedaoy tgue. With the pslit- 
ilinf cuirenl cloied (or ten mlnutei. so ipprccitbli poliriution 
cnrreDI it produced 1 bot.cloKd for hilt an honrjt will eppeu with ■ 
«nnph or ix>, tnd will l«l ibout one minute, truly (be ItTeocth of 
tba poItriiiDK cuneal ii, Itaea, more Ibtn donUed, for it pmet from 
18° to 4/. Suiloiiyi (Cite isppliet antJoKogt concIinioB*. With 1 
m Dlntn cloaed cumai tbeia vu no poUrlutiOD cafTcnts oneof 
lO' «■ produced after oiw bonr and t btif, durlBc which tlma ilie 
polaritiai carrent bid panad l<iroD(b tba (olIewiii( pbatet:— 
W*— ie*l— »»— ii-j*— jtf^jf— j4« (obtcrvitioni beisf made awiy 
balUwar liltr trj wen obMnid). The dnntlDD of the p liution 
cstnot tbu Ht np was i mlnntn. 



the first case, was only weakened one degree. Before 
attempting a theoiy for all these effei3a, I must enter into 
some details respefling the inBuence of moisture upon 
them, as well as the temperature of the surrounding 
medium. In order to explore the nature of these two 
almost simultaneous influences, a series of experiments 
were undertaken, in which sometimes the conditions 
of moisture, and sometimes those of temperature, were 

To study the aQion of dampness, I simply took the 

inerals enumerated in the experiments already de- 

ribed which furnished no deflection, and, after 

leaving them for thirty hours in a moist recess, I experi- 

ted on Ihem at an hour of the day when the tempera- 

of my laboratory was as neatly as possible the same 

it the time of my lirst experiments. Now most of 

them became conduAors, even after carefully wiping Ihem. 

Malachite, black agate (Biignie), and a greenish jasper 

spotted with yellow formed the only exceptions. The 

others gave the following results : — 



Com- 



mence- Mint. Uini. 
ment. afttr. after. 
(51-1^) i8-s= i6-o» 



Rich ireen jiiper (5i— 30=) iiV io-o= 

Ifellow igite, . .. (10-8) 80 So 

"-iwnjMptr .. (19-13) iro 13-0 m-iji 11 a 113 

rpbytjF ,, .. (10-8) S-j 65 (11—8) 6-) 6-j 

jditone (rofflj (.o-j-j) _ _ (4-0) - _ 

"iiti (Ji— as) iBo 15s (U— ij) to'o so 

1^1! these stones, naturally, furnished no appreciable polar- 

I afterwards examined other specimens which had 
ilready given deflexions (and which I put into the recess 
after passing them through the stove), to see if they would 
furnish any notable increase of conductivity. The aug- 
nuentation was considerable. I may thus conclude that 
'lard and soft stones, with a few exceptions, including 
those minerals which have yielded to the effects of fusion 

d crystallisation, absorb the atmosphere's moisture mort 

less, and thereby become conductors. 
(TobecoDtioucd). 



NEW EXPERIMENTS ON ELECTRO- 
MAGNETISM.' 
Br EMILB CIROUARD. 

Takeahollowhohbin covered with insulated copper wire, 
and enclosing in its interior an iron bar of the same 

Adjust two iron connexions to the two scales of a 
balance. 

Cause a constant current of determinate strength (o 
pass through the wire around the coil, and suspend the 
tcales loaded with weights from the poles, A and B, of 
the bobbin. 

We then observe that the magnetic power of the bar 

intained in the bobbin balances at A and at B a weight, 
which let us assume to be 500 gims. This will give 
1000 grms. by uniting the atlrafiive forces of the two 

3. Place in the same bobbin a bar Ave or six times 
longer than itself, until one end of the bar is flush with 
one end of the hobbin. Replace the scales. It will then 
be found that the extremity B of the iron bar can bear no 
more than 500 grms., whilst A sustains almost 1000 grms. 

3. Increase the length of the preceding bar twenty or 
twenty-five times, and it will be observed that the mag- 
netic force which in the first experiment was represented 
by 500 grms. at A is now equal to about Sooo or 10.000 
grma. This augmentation may extend to 15,000 grm*. 

< CoDununicaied by the Anlhor. 
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under certain circtimslanccs, whilst the attraflion at B 
becomes completely nil. 

It is very interutling (o follow up the bar with a mag- 
netised needle, [or then the diminution a( allraftivi: furLt: 
and its laws are easily noted. It may be specially re- 
marked that, though we reverse the direflion of tlic cur- 
rent, the pole A is always the only one having an altraiitivc 
power, and B is always quite at zero. 

^. By putting the bobbin in the miildie of the long bar 
the atlradlive forces of the two poles A and B are very 
weak, and nearly equal. 

When I made these expetiments for the first time in 
1873 at Chanres, before ihe Scientific Society of Eure 
and Loir, 1 give to the phenomenon (he name of 
magiulic (oiideiualiun, because ol thitkind of compression 
of magnetism to • single pole ; and I then consiruifted a 
series of instruments with magnetic condenson, for the 
parpoie of obtaining as much power from one single 
•mall eledric bobbin as may be obtained from two larger 
ones joined together in the ordinary style. Solely for 
greater convenience, and in oidet to take up less space, I 
gave 10 my condensers a lamellar form. 1 must add, in 
closing, that this arrangement, which may be very useful 
when great power is desired, is inapplicable when a great 
rapidity of magnetisation is wanted. I have also succeeded 
in applying this principle to the construfiion of magnetised 
ne«dles of a particular form. 

I will just point out a remarkable induAion phenomenon 
which is produced in an ele^ro- motor made upon this 
principle. Although all Ihe communications be fixed 
upon non-metallic bodies, and the wires be well insulated 
from the bobbin, apaiks will be constantly thi 
one condenser to the other. I have named these sparks, 
magniiic itidiiclion sparks. This phenomenon has s' 
been noted by many persons, and is always produced 
side of the electric 



prehensible muttering eaught his ear; when Ihia ceased te 
perceived a very strong smelt of sulphur, almoct ■uflbcatiog 
him. — Manual of the Natural History, Geolcgj, oii 
Physics of GrtenlanJ, 



ORIGIN OF ATMOSPHERIC ELECTRICITY. 

AccoRDisQ to M. Becquere!, solar spots, which are some 



o league 



t, appea 



) bcci 



which hydrogen and various substances escape from the 
sun's photosphere. But hydrogen, which appears here to 
be only the result of decomposition, takes with it positive 
elcftricity, which spreads into planetary space even to the 
earth's atmosphere and to the earth itself, always dimin- 
ishing in intensity because of the bad conduiftiDg power of 
Ihe successive denier layers of air and of the crust of the 
earth. That would then only be negative, as being less 
poHlive than the air. The diffusion of cledricily through 
planetary space would be limited by the diffusion of matter, 
since it cannot spread in a vacuum. 

That taseous matter extends farther through space than 
the distance which is generally assigned to the earth's 
atmoaphere will be proved by the fadt that auroras, which 
are dae to eledric discharges, are produced at- heights of 
100 and 300 kilometres, where some gaseous matter must 

M. de la Rive agrees with M. Becquercl as to the elec- 
trical origin of the aurora, but considers that the earth is 
charged with negative elediricity, and it the source of the 
fositivi atmospheric eleiftricity, the atmosphere becoming 
chained by the aqueous vapour rising in tropical seas. 
The action of the sun, he considers, is an indired aftion 
which varies with the sute of the sun's surface, as shown 
by the coincidence in the periods of aurora and sun spots. 

In the accounts of travellers in Norway we often read 
of their being enveloped in the aurora, and perceiving a 
strong smell of sulphur, which must be attributed to the 
presence of ozone. M. Paul Rollier, the aeronaut, who 
descended on a mountain in Norway 130a metres high, 
■aw brilliant ray* ofanroraacrossH thin mist which glowed 
Vilh a remttkabte light. To hi* astoniibment an incom- 



THE PRESERVATION OF TIMBER BY COFFEE 

SALTS. 

Br M. ROTXIER. 

As is well known, one of the principal processes of prt- 
si:r\'ing wood consists in causing a solution of cnpri: 
sulphate to penetrate into its ligneous fibres. Thegnit 
interest which attaches to this method induces me tan- 
count Ihe following experiments on this subiei3, ander. 
t:iken in the laboratory of Prof. Douny, at the CiuTenitr 
of Gaud:— 

I set myself two distinA questions : — (i.) The cuki 
which (at the end of a certain time) conduce to tbi 
destruflion of prepared wood. (1.) Whether it i* ponitik 
to prolong its durability by employing mcihtKls diScnal 
from that aiSually in use. 

Ligneous material impregnated with sulphate of coffa 
is not preserved indefinitely under g^round ; whaterer care 
may have been exercised in ita preservation, it stmft 
alters in a variable period of time. This is easily o- 
plaincd. Under the influence of certain causes the pn- 
pared limber gradually loses the small quantity of npfo 
lilted in its cellular tissues. So long as the wood ntaui 
a certain quantity of copper, rot is reaisted, but (hicdl; 
the copper disappears the wood is adled upon like iuf» 
pared timber, and is rapidly destroyed under gipoai. 

Having dried some chip* of poplar blea, or inner iaA 
I thoroughly impregnated them with a aolatioo of fwi 
cupric sulphate, containing 1-5 gnna. of crritalliit<l id- 
phale for too of water. I did not employ presmn u 
obtain a complete penetration of the liquid into the pom 
as the wood was so thin that aim, 
enough for the purpose. When waabed a 
the prepared chips were buried in a box conlai 
nary mould kept constantly moist with periodic spttnUiigi 
of rain water. From time to lime Ihe chips were uia 
up, and the quantities of metal tbey retained wnc tw- 
tained. The results of this analysis are coQlained ia tk 
following table : — 






do. 



0-00150 PerfeOly p; 



ooaiS Studded with UMk 

I do. do. r79 000170 Almost conpltt^ 

destrtiycd. 
The conclusion drawn from this cxperimenl, in an tri- 
dent and direA manner, i* that the wood owes its fiescr- 
vaiion to the presence of the copper, «ad that aa lait as it 
loses the metallic salt so fast is it destroyed. 

As regards the second question, there are three cssks 
under the influence of which the copper salt is takes wmj 
from the wood : — 

t. The presence of iron. 

a. The presence of certain saline solatioBS. 

3. The presence of carbonic Kcid. 

The sAioD of metslltc iron npon wood u i qtai e d wi 

sulphate of copper has been so well stndiM hf MCfc ■ 

ai Van dcr Sweep, Kuhlouna, FmiI TUoiod, Md Bm* 
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Mangon, that I have not thought it necessary to expeii- 
inentally enquire further. 

But I have deemed it of sufficient importance to examine 
up to what point the presence of an iron'salt in cupric 
solutions is injurious to the proper preservation of wood. 
For this purpose a certain number of wood-chips — as 
large as the previous lot — were saturated with sulphate of 
copper solutions containing different quantities of sulphate 
of iron. The following table gives a list of how long 
these pieces were preserved : — 



Chips. 


Composition of the 
Weights Liquids used in preparing 
of the the Chips. 

Chips. , *- ~\ 

CUSO45H.O. FeS047H,0. H^O. 


The chips were 

completely 

destroyed under 

ground at the 

end of— 


I 


Grm. 
0-25 


Grms. Grms. 
000 i'50 


Grms. 
100 


56 days. 


2 


0-25 


0-50 I -co 


100 


83 




3 


o*22 


I 00 0*50 


100 


97 




4 


0*22' 


I'20 0*30 


100 


100 




5 


0*22 


X*30 0*20 


XOO 


X03 




6 


0*19 


x-40 o*io 


100 


103 




l 


O'lg 


1*45 005 


100 


X08 




o-i8 


X'48 0'02 


100 


109 




9 


0'20 


1*49 o-oi 


100 


109 




10 


0-23 


1*495 0*005 


XOO 


no 




XX 


0'20 


1*50 O'OO 


100 


109 




X2 


0*25 


1*46 0*04* 


XOO 


no 




13 
14 


0*24 
0*26 


1*48 0*02* 
Unprepared . 


100 


no 
34 





In all my experiments I considered the woods to be to- 
tally destroyed when it was impossible to withdraw them 
from the ground unbroken, and when they broke up with 
the slightest effort. It must be understood that, in making 
use of a similar process to judpe of the degree of altera- 
tion of the wood, we cannot obtain very rigorous measure- 
ments, and that we must not attach very great importance 
to slight differences of observations. 

On examining the foregoing table it is observed that — 

X. Sulphate of iron possesses a certain antiseptic pro- 
perty, much weaker, however, than that of sulphate 
of copper. 

2. Woods prepared with solutions containing at the 

same time sulphate of iron and sulphate of copper 
are preserved underground for almost the same 
period of time— at least when the sulphate of iron 
is in inconsiderable proportion. 

3. There is no need to prefer chemically pure sulphate 

of copper to that of commerce. 

M. Boucherie recently made some observations which 

are a contradidlion to my results. According to him, 

sulphate of copper should not be used if it contain more 

than 5 or 6 per cent of sulphate of iron, and he considers 

it expedient to only use pure or properly purified cupric 

snlpbate. Without pretending to settle the question, I 

will merely refer to the interesting experiments of Payen 

upon a very ancient wheel, discovered, some years ago, in 

the copper mines of San Domingo, in Portugal. This 

wheel, found in a perfedfc state of preservation after im- 

tnersion for fourteen centuries in waters charged with 

sulphates of copper and iron, contained a very decided 

quantity of the sub-sulphates of these metals. 

Secondly, a certain nunjber of salts aA injuriously upon 
woods prepared with copper. 

If we plunge such wood into a solution of chloride of 
sodium, carbonate of sodium, or carbonate of potassium, 
and then examine these solutions at the end of a little 
while, a very notable quantity of copper is always found 
in them — copper which was formerly held by the wood. 

This explains the failure of all endeavours to protect 
wood against the adion of the sea by means of the copper 
salt. By reason of the salts held in the sea, the sulphate 
of copper is readily washed out of the wood. So long as 
the wood cootams copper marine molhxscs do not attack 



it, but when the greater part of the salt has been washed 
away the wood is rapidly invaded. This the following 
record of an experiment proves : the experiment was on a 
piece of prepared beech submitted to the a^ion of sea- 
water for a certain time. A part of it was intadl ; the 
remainder was deeply perforated by the Teredo : — 

* Sulphate of 

2*5 grms. of wood taken, the intadl portion ^^^' 

contained 0*01x40 grm. 

2*5 grms. of wood taken, the attacked por- 
tion contained .. .. .• .. ,. 0*000x5 „ 

Probably th& rapid destrudion experienced by prepared 
timber, when it is buried under tunnels or certain grounds, 
and notably in calcareous spots, may be attributed to an 
analogous adtion. It is indeed possible that waters whiih 
diffuse themselves into these grounds are charged with 
certain saline matters (bicarbonate of calcium, &c.), which, 
like sea-water, possess the property of washing out the 
copper salt. 

Thirdly, like certain salts, the solutions of carbonic acid 
carrvr off the sulphate of copper. 

About 3 grms. of chips, carefully prepared and washed, 
were treated for seven days with solutions of carbonic 
acid. Every time the solution was changed it was filtered 
and very carefully analysed. The total quantity of copper 
thus carried off was 0:0028 grm., calculated in the condi- 
tion of sulphate. Under similar conditions pure water 
had no effed upon the sulphated wood. 

Maxime Paulet, in his late work,* described a like 
experiment. *< Take some sawdust of wood injeded 
with sulphate of copper, wash it with water until 
cyanofernde of potassium does not sensibly show in the 
washings traces of copper salt. At that moment plunge 
the apparently exhausted sawdust into ordinary gaseous 
water, — that is to say, into water impregnated with car- 
bonic acid. After a short time the water will become 
coppery. What has taken place? It is conjedurable 
that the oxide of copper, under the influence of an excess 
of carbonic acid, has been dissolved and carried away.*' 

After having determined the adlion of carbonic acid and 
saline solutions, I endeavoured to ascertain if pure water 
exercises any dissolving property on the cupric combina- 
tions contained in prepared woods. For this purpose two 
experiments were carried out : — 

X. In an open vessel filled with distilled water some pre* 
pared and washed chips were immersed. The vessel was 
covered with glass to prevent evaporation, and was left to 
itself for a long time. Each chip contained — 

Sulphate of Copper 
per Grm. of Wood. 



At the beginning of experiment . . . . 0*0073 grm. 

end of seven months 0*0054 1, 

thirteen months . . . . 0*0060 „ 

about nineteen months.. 0*0054 „ 



ft 
ft 



ft 



ft 



•**< 



J^ m 



* SttlphaiM^eopptr^ftomBccres* 



The adlion of water is thus manifest ; but is it really due 
to the water ? or may it be attributed to an accidental 
cause ? for example, to the presence of carbonic acid dfs^- 
solved in the water ? Although we ought not to attach 
too much importance to an isolated experiment, we shooM 
not fail to notice that this supposition will explain the 
equality of the last three numbers. 

2. I put into a glass globe some distilled water — water 
boiled for a certain time to drive away the greater portion 
of the gases dissolved in it. Some chips, prepared and 
carefully washed, were then introduced, and after a second 
boiling the globe was hermetically sealed, and left for a 
period of 200 days. At the end of that time I filtered 
the water, and found the quantity of metal dissolved in 
the liquid was 0*0002 grm., calculated in the condition of 
crystallised sulphate. 

We ought not, even now, to rashly conclude that the 
adion whereby even this small quantity of copper has 
been ex tracted is really the efied ot the water. As before, 

• •* Trait6 de la Coostrvatim d« BoU.** Psiii, 1^ «d za^ 
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carbonic acid may have been the cause, for we know that 
water, even after a very prolonged boiling, obtltnately 
reiaini small quantities of gas: moreover, if the wood is 
not completely saturated with copper, — if even a very 
minute rragment of the wood does not take up Che salc,^ 
it may itself furnish'a certain quantity of carbonic acid. 
Whatever it may be I think I may ju$lly conclude, from 
my experiments, that if water does exercise any afll ~ 
npon prepared wood it is but a very slight one. 



SINGULAR ELECTRIC PHENOMENON. 

Wb exlraA the following correspondence from the Sci 
tifit Amtricaii : — 

"An etefiric phenomenon has recently been observed 
which I am unable to account for. and I would be gialelul 
if you will help me to an understanding of it. 

A house, built of limestonci stands upon a solid bcJ of 
the same material. Water is brought to it from a spring 
on the side of a neiahbouiing hill, across an intervening 
valley, and poured into a lank on the third floor. An 
averJiDW pipe leads from the lank to (he barn. The pipe 
that supplies the kitchen leads from near the bottom of 
the tank, and is connefted to the range and boiler in (he 
usual manner. All the pipes are in conlaft with the wall, 
and are quite near each other. The hot and cold water 
pipes are conneSed at the boiler, and also between the 
cocks; but of course the pipe is plugged at this point 
with solder, as usual. During every thunderstorm of any 
magnitude, frequent and violent electrical discharges are 
no(iced passing from one pipe to the other. The pipes 
are all iron, except at the conneflions lo boiler and cock 
where lead is used. I would ascribe the excitement I 
thermd difference in (he pipes, but they are so inlimatel 
conneSed that 1 cannot see how it is possible. Yoi 
opinioo would be thankfully received, 

Thomas P. Conakd. 
]iHb ud CJ^cKnul Slrecti, Pbilidclphi*, Pa. 

"In reference to the very interesting observation of 
Ut, Coaard, on which yon have asked my opinion, I would 
aay that it ii a striking illustration of a well-known prin- 
ciple of elearjcity, to which 1 have before had occasion 
to refer in your pages. There was at one time a very 
general impression (hat, if two routes of different facility 
were offered to an eledfic discharge, it would flow entirely 
by the better one. This, though (I think) still to be 
found Slated in some text-hooka, is entirely untrue. On 
the contrary, the la.& is that, if two or a hundred routes, 
differing in facility or condudting power, or, to use a tech- 
nical expression, " of unequal resistances," are offered to 
the passage of an eleSric current or discbarc^e, it will 
divide itself between them all, in dired proportion lo their 
facility or conducing power. 

Among other illustrations of this, I find in Ferguson's 
» Eleftlicity," iS«, page 63, the following ;— " A Leyden 




|M being clwrged, we have a wire benl, ac shown in (h 
eDSnnag, ud armed tvith balls at the etids. One end n 



this being held against the out^de of the jar and the other 
brought within striking distance of the knob, a apark will 
past at e, where the two parts of the wire abould be, say, 
|th of an inch apart. This evidently is because while ibt 
wire it a far better condudor than the air, yet some of tke 
discharge will even pass through the wont condii&H: 
and the wire being long and the air-psth short, tbe dif- 
ference is not so great but tbat the fraAion pasting throogk 
the air is an appreciable quantity." 

The general principle above stated is one which lies st 
the foundation of the whole subjeA of elcfirical measorc- 
ments, In which such wonderful results have been reached 
of late years. Those of our readers who may wish fcr 



fuller inforn 



.n this 



article by the present w 

" Encyclopedia," or to Sabini 

eledric telegraph. 

After what we have said above, it is hardly n 
make any personal application to the case before U' 
doubt Mr. Conard's tank is near hit lightning-rod, or in 
some other way is plentifully supplied with elcdridiT 
during a thunderstorm. This finds its way to the eartb 
by countless routes — by the walls of the haute to awiy 
slight degree, by the various pipes in proportion to tkdt 
conducting power ; and, in the particular case noticed, ii 
tinds the hot-water pipe so far a desirable road to (lie 
copper boiler, and thence to the ground, that part of tb 
current which enters (he cold-water pipe talcea that nnic. 
I think it likely (hat (here are tome joints on tbe coU- 
water pipe, between the spark plate and the boiler, •*■ 
mented with red-lead, which is an excellent tnsnlatar,* 
other like body. This would not, however, be ctsentiil. 

Assuming a difference in the tension of the pipca 
through a difference of their grotind connexions, imlK- 
tion would exaggerate the same, and aid in this prodnda 
of the spark ; but while this and other tt^oni mtj do 
conspire to the effeA, the first cause which wchicc 



ciibed is 



« belie' 



:, the a 



Mknrv Hostov. 



B of TechooloEy, Hobakcn, N,J. 



" Regarding the statements relating to the tisgijlit 
electric phenomena described on page 100 of your cuncii 
volume, as being in some respeifts opposed to hitheno 
observed faSs, I decided to investigate the cue tl»- 
roughly, and ascertain in the firat place what the fvii 
were, and then see whether they were in accord with pre- 
vious observations. For this purpose I sent one of my 
assistants to the house where the elediical displap oc- 
curred, furnished with the proper instrumenti for makiiif 
careful and accurate measurementa of the resittancet of 
the rods, pipes, and other conduAors about the prtmiies. 

The first measurement taken wat to ascertain the re- 
sistance between the two pipes leading to and from tki 
healer. This was found to be lesa than o-oi of an ohff, 
and most of that was probably due to the conneAkiM cf 
ihe galvanometer. Of course this proved concIiuinlT 
that no sparks ever pasted between these pipes, and Hr. 
Baldwin, the occupant of the house, uudthat tbe p^ 
lished statement was wrong in Ihit re^Ard. 

The resistances of the supply pipe, overflow jife, 
aste pipe, and lightning-rod were then meaanied, >A 
Ihe following tesuTts : — Retistance of the ligfatni^^td 
» 161 ohms; of waste pipe •= 284 ohmi; of aimo* 
pipe — IS ohms ; of supply pipe -^ o. Tbe botite ilaiA 
on • hill on the dividing line of a Blate and linetMSt 
formation, and the lightning-rod has been placed iaib* 
fissure of the rock to the depth of perhaps 6 or 7 feet, tai 
is therefore partially insulated ; and it* normal tetistaKi 
'~ doubtless much more than 161 ohma, which wat fpnl 
bile everything wat wet, a rainttonn havinE taatt if 
just before the tests were made. A re^atance CH iCictai 

the lightning-rod, however, is tnfficieat, in mj ii[«iiiw. 

occasion alTthe pbenomeaa of disdurga whkbhaM 
been observed during heavy ttonni. Tbe wap^jift'* 






New Vertical-Lantern Galvanometer. 
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iron, and leidi direflly to a ipring half a mile distant, 
where the best earth conneflion in the country it found! 
Owing to the insulating quality of the foundation upon 
which the house tebIs, the house consiitutet one side of a 
leaky condenser, of which the tialc and limeEtone form 
the dieledric, and the earth the opposite side. When a 
thunderstorm occurs the whole house is charged in a 
greater or less degree ; and as the earth conneflion of thi: 



iighlning-rod is insufficient to carry all the eleflricity 
which it receives, the cle^ricilv is discharged througl 
every available channel, of which the supply pipe is Chi 
best. In light Btorms the phenomenon would not be no 
ticed ; it becomes very marked in heavy onea. 

Id thii case the supply pipe was the safcty-vsh'e of thi 
home. The proprietor of the house wa« advised to con 
nefl the lightning-rod to the supply pipe by a large coppe ; 
wire, which will probably terminate the curious phenomeaii 
which have been observed. 

1 trust the lime will soon come when lightning-rods witl 
be ere^ed by persons posseeted of sufficient eledirical 
education as to be able to tell whether they have a resist- 
ance of iGi ohms or of 0. Probably no important busi. 
neii at the preEcnt time is, as a rule, entrusted to a class 
of men so utterly ignorant of their duties as this one 
Id eveiy case where a building supplied with a lightning 



rod ii dealroved by lightning, the parlies who pu"t up tfe 

'-ihtaing-rod ought to be prosecuted. A vigorous couisi 

treatment of this sort would soon convince these peopli 



lightning-rod ought to be prosecuted. A vigoro 

of treatment of this sort would soon convince thi 

that a reasonable amount of study of the laws of e'ledli 

city is necessary for their own safety as well as that of 

their patrons, 

I wieh that ever; eleflrlcal phenomenon which occur? 
could be promptly and carefully investigated by compelen i 
praflical eleflriciani. Why cannot the scientific depart- 
menis of our colleges undertake this service ? It would 
farnisb a fund of accurate information which would prove 
of very great prafiical value. 

George B. Prescdtt. 

New York Cily. 



ON A NEW VERTICAL. LANTERN 

GALVANOMETER.' 

By CBOROE F. BARKER, M.D. 

DesiaiNO to ihow to a large audience some delic: 
eKpeiiments in magneto -eleiSric induction, in a rece 
lefture upon the Gramme machine, a new form of demo 
stratioD galvanometer was devised for the purpose, whi' 
has answered the objefl so well that it seems desirable 
make some permanent record of its construftion. 

Various plans have already been proposed for making 
viaihle to an aodicnce the oscillations of a gah 
needle ; but they all seem to have certain inheren' 
eAiont which have prevented them from coming 
funeral use. Perhaps the most common of these devices 
!■ that first used by Gauss in 1827, and adopted suhiC' 
q«entlj> by Poggendorll and by Weber, which consists in 
attaching a mirror to the needle. By this means a beam 
of light may be refleifted to the zero point of a distant 
•cale, and any defleftion of the needle made clearly 
evident. The advantages of this method are : ist, the 
motion of the needle may be indefinitely magnified by 
iDcreating the distance of the scale, and this without 
impairing the delicacy of the instrument ; and and, the 
angular deflexion of the needle is doubled by the reSec- 
tion. These unquestioned advantages have led to the 
itdoptioQ of this method of reading in the most excellent 
nlvaoometera of Sir William Thomson. While, there- 
MM, for the purposei of research, thii tnelbod seems to 
leave very little to be desired, yet for puipoaei of le<3ui« 
demoBBtralion it has never coroe into very great favour ; 

•Read btfoivthaABieTicaBPhilmophlcalSodeir. 



perhaps because the adjustments are somewhst tedious to 
make, and because, when made, the motion to the right 
or left of a spot of light upon a screen fails of its lull 
significance to an average audience. 

Another plan is thai used by Tyndall in the leflures 
which he gave in this country. In pHnciple, ii is identical 
with that employed in the megascope ; i.i., a graduated 
circle over which the needle moves, is strongly illuminated 
with the eleflric light, and then by means of a lens a 
magnified image of both circle and needle is formed on the 
crccn. The insufficient illumination given in this way, and 
the somewhat awkward arrangement of the apparatus 
required, have prevented its general adoption. A much 
more satisfa&ory arrangement was described by Pro- 
fessor Mayer in 1872,* in which he appears to have made 
use of, for the first time, of the excellent so-called ver- 
tical lantern in galvanometry. Upon the horizontal plane 
face of the condensing lens of this vertical lantern, 
Mayer places a delicately balanced magnetic needle, and 
on each side of the lens, separated by a distance equal to 
its diameter, is a flat spiral of square copper wire, the 
axis of those spirals passing through the point of suspen- 
sion of the needle. A graduated circle is drawn or photo- 
graphed on the glass beneath the needle, and the image 
of this, together with that of the needle itself, is projected 
on the screen, enlarged to any desirable extent. The 
defefiofthis apparatus, so excellent in many respefls, 
seems 10 have been its want of delicaey ; for in the same 
paper the use oF a flat narrow coil wound lengthwise 
about the needle, is recommended as belter for thermal 
currents. Moreover, a year later, in 1873,! Mayer de- 
scribed another galvanometer improvement, entirely dif- 
ferent in its character. In this latter instrument, the 
ordinary astatic galvanometer of Melloni was made use 
of, an inverted icale being drawn on the inside of the 
shade, in front of which traversed an indei in the form 
of a small acute rhomb, attached to a balanced arm 
transverse to the axis of suspension of the needle, and 
moving with it. The seale and index were placed in 
front of the condensing lenses of an ordinary lantern, 
and their images were projeAed on the screen in the usual 
way by the use uf the objective. This instrument is 
essentially the same in principle as the mirror-galvano- 
meter; but it cannot be as sensitive as the latter, while 
it is open to the same objeaion which we have brought 
igainst this —the objeAion of uninteliigibility. In the 
hands of so skilful an experimenter as Mayer, it leemt, 
-lowever, to have worked admirably well. 

It was a tacit conviftion, that none of the forms of 
apparatus now desciibcd would tatisfa£torily answer 
ill the requirements of the leflure above referred to, 
that led to the devising of the galvanometer now to be 
described, which was construfled in February of the 
present year. Like the first Balvanometer of Mayer, the 
vertical lantern as improved by Morton,:t ^orms the basis 
nf the apparatus. Parallel rays of light, from the lan- 
tern in front of which it is placed, are received upon 
ihe mirror, which is inclined 45* to the horizon, and are 
thrown dircdiy upward, upon the horizontal plaoo-convcK 
lens just above. These rays, converged by the lens, 
inter the objefl glass, and are thrown on the screen by the 
smaller Inclined mirror placed above it. The upper face 
of the lens forms thus a horizontal table, upon which 
water-tanks, &c., may be placed, and manv beautiful ex- 
feriments shown. To adapt this vertical fanteni to the 
lurposes of a galvanometer, a graduated circle photo- 
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graphed on glass is placed upon the horizontal con- 
densing lens, ^bove this, a magnetic needle, of the 
shade of a very acute rhomb, is suspended by a fila- 
ment of silk, which passes up through a loop formed 
in a wire stretched close beneath the objed glass, and 
thence down to the side pillar which supports this objec- 
tive, where it is fastened by a bit of wax, to facilitate 
adjustment. The needle itself is fixed to an aluminum 
wire, which passes down through openings drilled in the 
scale glass, the horizontal lens, and the inclined mirror, 
and which carries a second needle near its lower end.* 
Surrounding this lower needle is a circular coil of wire, 
having a cylindrical hollow core an inch in diameter, in 
which thfe needle swings, and a smaller opening trans- 
verse to this, through which the suspension wire passes. 
In the apparatus already constru(5lcd (in which the upper 
needle is five centimetres long (the coil is composed 
of 100 feet of No. 14 copper wire, and has a resistance 
of 0*235 ohm. The accompanying cross se^ion of the 
vertical-lantern galvanometer as at present arranged, 
drawn on a scale j\, will serve to make the above descrip- 
tion more clear. A is the needle, suspended dire<5tly 
above the scale-glass D, by a silk filament passing through 
the loop B, close under the objedive C. This needle 
is attached to the aluminum wire a6, which passes di- 
redlly through the scale-glass D, the condensing E, and 
the inclined mirror F, at H, and carries, near its lower 
end, the second needle I. This needle is shorter (its 
length is 2*2 cm.) and heavier than the upper one, and 




moves in the core of the circular coil J, whose ends con- 
nedt with the screw-cups at K. This coil rests on the 
base of the lantern, enclosed in a suitable frame. It is 
obvious that when the instrument is so placed that the 
coil is in the plane of the meridian, any current passing 
through this coil will a(5i on the lower needle, and, since 
both needles are attached to the same wire, both will be 
simultaneously and equally defledled. Upon the screen 
is seen only the graduated circle and the upper needle; 
all the other parts of the apparatus are either out of the 
field or out of focus. Moreover, the hole in the lens 
is covered by the middle portion of the needle, and hence 
is not visible. The size of the image is of course deter- 
mined by the distance of the galvanometer from the 
screen ; in class experiments, a circle eight feet in diame- 
ter is sufficient ; though in the le(5ture above referred 

♦ After the new galvanometer was completed and had been in use 
for several weeks, I observed, in re-reading Mayer's first paper, a note 
stating that the idea had occurred to him of using an astatic combi- 
nation cooststing of two needles, one above the lens and the other 
below the inclined mirror, the two being connected by a stiff wire 
pasting throogh holes in the condenser and the mirror. The plan 
of placing the coil round the lower needle does not seem to have sug- 
gMt«<l itaelf to faim. Indeed, it does not appear that the arrangement 
M mention #)m trer carried into practical effcdk. 



to, the circle was sixteen feet across, and the needle was 
fourtee n feet long, the field being brilliaot. 

The method of construAion which has now been de- 
scribed is evidently capable of producing a galvanometer 
for demonstration, whose delicacy may be determiocU at 
will, depending only on the kind of work to be done with 
it. In the first place the needles may be made moie 
or less perfedly astatic and so freed more or less com- 
pletely from the adlion of the earch's magnetism, and con- 
sequently more or less sensitive. Moreover, an astatic 
system seems to be preferable to one in which damping 
magnets are used, since it is freer from influence bj 
local causes ; though if desirable for a coarser dast 
of experiments, the considerable distance which separates 
the needles in this instrument, allows the use of a 
damping magnet with either of thetn. In the galvano- 
meter now in use, the upper needle is the stronger, and 
gives sufficient diredive tendency to the system to bring 
the defle(5led needle back to zero quite promptly. Is the 
experiments referred to below, the system made 95 oscil- 
lations per minute. 

Secondly, the space beneath the mirror is sufficiently 
large to permit the use of a coil of any needed m. 
Since, therefore, the lower needle is entirely closed witbis 
the coil, the field of force within which it moves may be 
made sensibly equal at all angles of deflexion, as in the 
galvanometers of Sir William Thomson. Hence the 
indication of the instrument may be made quantitative, 
at least within certain limits. The circular coil too, hai 
decided advantages over the fiat coil, since the mass of 
wire being nearer to the needle, produces a more intense 
field. Were it desirable, a double coil, containing ao 
astatic combination, could be placed below the nirror.the 
upper needle in that case serving only as an index. The 
instrument above described has a coil three inches a 
diameter and one indh thick; the diameter of theooic 
being one inch. Since its resistance is only about t 
quarter of an ohm, it is intended for use with circuits d 
small resistance, such as thermo-currents acd the lilce. 
The results of a few experiments made with this nev 
vertical-lantern galvanometer will illtistrate the woHdn; 
of the instrument and will demonstrate its delicacy. The 
apparatus used was not construAed especially for the pur- 
pose, but was a part of the University colledion. 

Induction Currents, — i. The galvanometer was coi- 
nedted with a coil of covered copper wire. No. ixoftbe 
American wire gauge, about 10 centimetres long and 6 is 
diameter ; having a resistance of 0*323 ohm. A small b; 
magnet 5 centimetres long and weighing 6| grams, give, 
when introduced .into the coil, a deflexion of 40^ Oa 
withdrawing the magnet, the needle moved 40^ is the 
opposite direction. 

2. A small coil, 20 cm. long and 3*5 in diameter, maie 
of No. 16 wire, and having a resistance of 0*371 ohn, 
through which the current of a Grenet battery exposog 
4 square inches of zinc surface was passing, was inlxD> 
duced into the centre of a large wire coil, whose lesistam 
was o'295 ohm, connedted with the galvanometer. The 
defiedion produced was 20*. The same defledioo w 
observed on making and breaking conta^ with the hattety, 
the smaller coil remaining within the larger. 

3. A coil of No. 14 copper wire, 60 cm. in diameter, 
and containing about forty turns, the resistance of vhid 
was 085 ohm, was connetfted with the galvanometer, 
placed on the floor. Raising the south side 6 in 
caused a defiedion of 4^ Placing the coil with iti fltmt 
vertical, a movement of 2 cm. to the right or left aaad 
a defiedion of 3*^, and of 20 cm. of xo"* A rotatios d 
90" gave a dcfledlion of 12*, and one of i8o' of 24^ Thai 
defiedions were of course due to cnments generated If 
the earth's magnetism. 

T her mO'Cur rents. — ^4. Two pieces of No. 22 wire, 15 
long, were taken, the one of copper, the other of I 
wire, and united at one end by silver solder. Os c 
nesting the other ends to the galvanometer, the hot tf ' 
the hand caused a defledion jof -thejieedle of 
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5. A thermo-pile of 25 pairs, each of bismuth and anti- 
mony, was connei^ed to the instrument. The heat from 
the hand placed at 5 cm. distance caused a dcdedion 

of 3^ 

6. Two cubes of boiling water adled differentially on 
the pile. At the distance of 5 cm. the deiledion was 20°; 
moving i to 10 cm., the defledion was reduced to 5°. 

Voltaic Current, — 7. A drop of water was placed on a 
zinc plate. While one of the conncdling copper wires 
touched the zinc, the other was made to touch the water. 
The defledlion was i6^ 

The claim which is here made for the instrument, how- 
ever, is rather for the general principle of its construdion 
than for the advantages possessed by the individual gal- 
vanometer above described, which was construdled at 
short notice to meet an emergency. The comparatively 
small cost for which it may be fitted to the vertical 
lantern, the readiness with which it may be brought into 
use, the brilliantly illuminated circle of light which it 
gives upon the screen, with its graduated circle and needle, 
the great range of delicacy which may be given to the in- 
strument by var>'ing the coil and needles so that all expe- 
rimental requirements may be answered, and, finally, the 
satisfa(5lory character of its performance as a demonstration 
galvanometer, — all combine to justify the record which is 
here made of it. 



ticed, affords an opportunity of comparing in adjacent 
columns the relative breaking strain and relative conduffl- 
ivity of each sample. The tests are arranged in the order 
of their relative breaking strain. — New York younial of 
the Telegraph', 



NOTES. 



MECHANICAL AND ELECTRICAL TESTS OF 

IRON WIRE. 

In a recent number of the Journal* the results of a series 
of tests of different samples of iron wire were given. 
Since that time a number of additional samples have been 
tested in the same manner, and the results are given in 
the subjoined table. For convenience of comparison, the 
results given in the former table have also been included 
in this one, and one or two slight typographical errors 
corrected. An additional column, under the head of 
** Relative Breaking Strain," has been introduced, which 
has been calculated from the adlual breaking strain as 
given in the fifth column, and the weight per mile as 
given in the second column, and shows the number of feet 
of its own length that each sample would be capable of 
sustaining. The arrangement of the table, it will be no- 



The iron telegraph poles in Persia are put to a novel use. 
A friend who has lately returned from that country 
informs us that between Teheran and Shiraz it is the 
common custom of the inhabitants to use the poles as 
targets for rifle shooting. Standing at one post and 
shooting at another, the people find the telegraph poles 
most convenient institutions for gun practice, and no 
doubt many believe that is their proper and legitimate 
use. The poles are made of sheet iron, and the natives 
test their guns by trying whether the bullet will pierce 
the post. Some posts are thus riddled with holes, and 
soon give way altogether. The reason why telegraph 
posts in Persia require frequent renewal is no longer a 
mystery. 

The report of the Meteorological Committee of the 
Royal Society for 1874, issued on the 17th inst., contains 
the following information respefling weather telegraphy : — 
The office receives, or would receive, were the Continental 
telegraphic communication and that with the Shetlands 
perfe(fl, fifty-one reports every morning, and nine every 
afternoon, except on Sundays. The observations are 
taken on Sundays as on other days, but are not received 
at the Meteorological Office until Monday morning, when 
the report for Sunday is made out. The stations are 
situate along the entire coast of the Continent, from 
Christiansund, in lat. 63 deg. N., to Corunna, in lat. 
43 deg. N., with four stations on the coast of the Baltic 
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EBB. Galv. No. 12 


190-83 


11-5 


I^f'S-o 


4301 417.5 
405; '^ '^ 


XI552*2 


14-4 


30*50 


EBB.Galv. No. 8 


381-66 


177 


W)-'-^ 


^3'^} «7-5 


12930-6 


17-3 


12-67 


EBB. Galv. No. 11 


222*64 


17-2 


^^}-5 


WoS "7-5 


13639-4 


I5'6 


24-20 


X51. ^ No. gi 


282-80 


lO'O 


ID^'-s 


]t\ 770-0 


14375*9 


21*9 


i6-io 


EBB. Galv. No. 10 


254*4+ 


17-7 


% ^«-5 


5^^} 697-5 


X4478-X 


17-8 


18-42 


246. No. 9i 


287-50 


i6-o 


3?} "9° 


1;^} 83-5 


15288-86 


21-9 


i6-io 


EBB.Galv. No. 6 


508-88 


11*4 


^11 -5 


Jfgl} '587-5 


16462*4 


177 


9-21 


EBB. Galv. No. 9 


31805 


19-3 


'^Vrs 


lo~^}'°<>7-S 


16725 -X 


16-9 


15*54 


Nashua „ No. 8 


381-65 ' 


15-1 


%V'-^ 


J^^S1'535<> 


21183*0 


147 


15-00 


MS. Plain. No. 6 


52800 


10*4 


tv^-^ 


^I^^ "37-5 


2x375*0 


13-5 


1x78 


443. No. 8 


378-10 


lo-o 


siM'o 


;So}'«35-o 


2230X*4 


x6*5 


x6-xo 


AH. No. 9i 


293-50 


i6*o 


^}^-5 


,112} "57-5 

• • 


22635*0 


I5-I 


22*70 
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and one at Cape Sici^ in the Mediterranean. The system | telegrams received by the Argus were, however, repub- 
lished in another form, as from a Melbourne correspondent 
of the Mercury with the preliminary words " It is reported,'' 
or** The news about town is.** This was considered a 
breach of the copyright which the proprietors of the Argjts 
possessed in the telegrams, and as there was another 
newspaper at sale that did contribute towards the expenses 
of the receipt of the telegrams, a suit was instituted in 
the Equity Court to restrain the proprietor of the Mtrcwrj 
from republishing the telegrams. It was argued for the 
defendant that as the telegrams were matters of news, any 
one could re-publish them without breach of the Copyright 
Ad. Mr. Justice Molesworth held, however, that the 
plaintiffs had a property in the telegrams, and that do 
one could re-publish them without the permission <d the 
persons to whom they had been sent in the first instance. 
An injun<5tion was therefore granted to restrain the de- 
fendant from publishing the telegrams. 



is, unfortunately, most defedlive along our own western 
coasts, owing to the imperfedtions of telegraphic com- 
munication in those thinly-peopled and mountainous 
districts. The only stations along the line in question 
are Valentia, Greencastle on Lough Foyle, Ardrossan, 
and Stornoway. The Committee are not without hopes 
that they may be able to carry out the idea, proposed in 
their last report, of establishing a station at MuUagh- 
more, a low-lying point on the south side of Donegal Bay, 
not far from Sligo. The possibility of deriving benefit as 
regards the probable weather of these islands from con- 
stant reports from America has frequently been inserted 
in the newspapers and scientific journals, but thp 
experience of the Office, which for four years received 
daily reports free of charge from Heart's Content by the 
liberality of the Anglo-American Telegraph Company, is 
not favourable to the idea of incurring expense for such a 
service. Not only was little benefit derived from such 
isolated and unsupported reports, but the subsequent 
study of the weather recorded in ships* logs has shown 
that atmospheric disturbances, though they may cross the 
Atlantic occasionally from shore to shore, in most 
instances undergo such changes in their progress that the 
fatft of the severity of a storm on the coast of America is 
no gauge of its probable charader when it arrives on our 
shores. The daily observations are taken at 8 a.m., 
Greenwich time, and most of the telegrams arrive in 
London about 9 o'clock, when the Intelligence Depart- 
ment of the Post Office extradls from them the portions 
required for its wind and weather reports. They are then 
at once transmitted to the office by the private wire. 
About two hours are required for their redudion, discus- 
sion, and the preparation of the daily weather report, 
copies of which are ready by about 11 a.m., and are at 
once supplied for the afternoon issue of several of the 
London papers. A wind chart for the day is also drawn 
for the Shipping Gazette, A brief telegraphic resume of 
the weather is despatched to the Marine Ministry in 
Paris, and, if necessary, telegraphic intelligence of 
storms or of atmospherical disturbance is sent to our own 
coasts and to foreign countries. Later in the day the 
foreign telegrams, and subsequently the afternoon reports, 
come in. The daily weather charts are drawn by noon, 
and forwarded to the lithographers to be printed. The 
copies for postal distribution are received at the Office 
at about 3.30 p.m. The total number of copies issued 
every day is about 530. 



An important question as to the law of copyright in 
newspaper telegrams has lately been debated in the 
Melbourne Law Courts. The proprietors of the Melbourne 
Argus pay a large sum for the purpose of obtaining the 
latest telegrams from Europe. Any newspaper proprietors 
who may wish to publish the telegrams so obtained can 
do BO by paying a contribution towards the expenses 
incurred. The proprietor of the Gipps Land Mercury 
made an agreement to pay for the right of publishing the 
telegrams. This agreement was carried out for several 
months, when the proprietor caDcelled it. The European 



COMMERCIAL NOTES. 



The India-Rubber, Gutta-Percha, and Telegraph Works 
Company have received a telegram from Mr. Gray an- 
nouncing the successful completion of the Iquiq«]e-Caldeia 
sedion of their West Coast of South America cables. Tliis 
places Peru in telegraphic communication with Europe. 

The traffic receipts of the Anglo-American Telegrapk 
Company on the 15th were £1020 ; on the 16th, ;f89o: 
on the 17th, ;f 790 ; on the i8th, £^780 ; on the 19th, /270; 
on the 20th, £690; on the 2i8t to ;i^88o. 

The report of the Dired Spanish Telegraph Compuj 
shows a balance of ;£'6ii8, which, after payment of the 
dividend on the preference shares, will be suffideot to 
allow of a dividend on the ordinary shares at the rate of 
4 per cent per annum, leaving the reserve fund staiidis{ 
at £1011. 

TELEGRAPH SHARE LIST. 



Amount! 

per 

Share. 

Stock 

10 
10 
20 

10 
xo 

20 
20 
20 

• • 

20 
20 
20 
20 
20 

as 
20 
20 
20 

8 
Stock 

2 

20 
20 
20 
2000 dls. 
200 
20 

Cert. 

22 

too 



Namb of Company. 



Amount' 

paid 

dp. 



Anglo-American 

Black Sea 

Brazilian Submarine 

Cuba 

Ditto, 20 per cent Preference 
Direct Spanish 

Ditto, 10 per cent Preference , . 
Direa United Sutes Cable . . . . 
Eastern 

Ditto, 6 per cent Debenture . . . . 

Ditto, Exten. Australia and China 
German Union Telegraph and Trnat 
Globe Telegraph and Trust . . . . 

Ditto, 6 per cent Preference . . . . 

Great Northern 

Indo-European 

Mediterranean Extension 

Ditto, 8 per cent Preference . . . . 

Panama and South Pacific 

Renter's 

Submarine ..* 

Ditto, Scrip 

West India and Panama 

Ditto, 20 per cect Preference 

Western and Braxilian 

Western Un. U.S. 7 per cent ist M.B. 

Ditto, 6 per cent 

Hooper's Telegraph Works .. ,. 
India-Rubber and Gatta-Perch« . , 
Submarine Cablet Tratt .. ., ,, 
Telegraph ConttniAion •• .. ,. 

Ditto, 7 P«r cent Bonds . . , . . . 
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PATENTS. 



APPLICATIONS FOR LETTERS PATENT. 

3096. Jean Maurice Emile Baudot, engineer, of Boule- 
vard de Strasbourg, 23, Paris, for an invention of *' Im- 
proved eledtric telegraph apparatus/' — Dated September 
3. 1875. 

3187. Joseph Rogers, eledrician, of Owens Row, Gos- 
well Road, Middlesex, for an invention of *' A new or 
improved galvanic shield or protedlor for imparting eledri- 
city to the chest and lungs and other parts of the human 
body." — Dated September 11, 1875. 

3243. Edwin Powley Alexander, consulting engineer 
and patent agent, of 14, Southampton Buildings, Middle- 
sex, for an invention of ** Improvements in magneto-elec- 
tric machines and in electromotive engines." A com- 
munication to him from abroad by Emile BiJrgin, engineer, 
of Paris, France. — Dated September 16, 1875. 

GRANTS OF PROVISIONAL PROTECTION FOR 

SIX MONTHS. 

2946. To Camille Alphonse Faure, of Trafalgar Square, 
Charing Cross, Westminster, for the invention of ** Im- 
provements in thermo-eledlric batteries and ele<5tro-motor8. 

2996. To Walter John Kilner, bachelor of medicine, 
of 104, Ladbroke Grove Road, Kensington, Middlesex, for 
the invention for ** Producing a continuous current of 
eledtricity by means of a rotating magnet or magnets, in 
combination with or without an apparatus for regulating 
the tension of the current." 

3096. To Jean Maurice Enfile Baudot, engineer, of 
Boulevard de Strasbourg, 23, Paris, for the invention of 
*' Improved ele^ric telegraph apparatus." 

NOTICES TO PROCEED. 

2844. Sir James Anderson, Knight, of 66, Old Broad 
Street, London, Edward Bull, eledrician, and George 
Oscar Spratt, both of Porlhcurno, Cornwall, have given 
notice in resped of the invention of *' Improvements in 
eledric telegraph apparatus." 

1719. Frederick William Ewen, manufadlurer, of Man- 
chester, Lancaster, and George Frederick James, machinist, 
of Salford, in the same county, have given notice in respedt 
of the invention of " Improvements in insulating eledlric 
telegraph wires, and in machinery or apparatus for manu- 
facturing the same." 

PATENTS WHICH HAVE BECOME VOID, 
By reason of the Non-payment of the additional 
Stamp Duty of £50, before the Expiration 
OF the Third Year from the Date of such 
Patents. 

2587. William Robert Lake, of the firm of Haseltine* 
Lake, and Co., patent agents, Southampton Buildings* 
London, for an invention of •' Improvements in eledrical 
apparatus for lighting gas and other burners." — A com- 
munication to him from abroad by Jacob Porter Tirrell, 
of Charlestown, and John Ware Flether and William 
Clark Cutler, all in Massachusetts, U.S.A. — Dated August 
30, 1872. 

LETTERS PATENT FOR INVENTIONS WHICH 
HAVE BECOME VOID, 

By reason of the Non-payment of the additional 
Stamp Duty of ;fioo, before the Expiration 
OF THE Seventh Year from the Date of such 
Patents. 

2683. Cromwell Fleetwood Varley, of Beckenham, 
Kent, for an invention of ** Improvements in cledric tele- 
graph8."~Dated August 29, 1868. 

2735. Samuel Sharrock, engineer, of Liverpool, Lan- 
caster, for an invention of ** Improvements in metallic 
standards or posts for electric telegraphs and signal masts.** 
—Dated September 4, z868. 



ABSTRACTS OF SPECIFICATIONS. 

Improvements in the vode of controlling horses by the 
use of magnetic electricity, George Laycock, dyer, Whit- 
tington, Derby. March 4, 1875. — No. 805. To stop or 
retard the speed of horses by magneto eledtricity by 
means of a communication with a magnetic machine or 
galvanic battery, and passing a current through the mouth 
or different parts of the animal. Also to urge the animal 
to increased speed by similar means applied to different 
parts of the animal. 

Improvements in the means of igniting gas and in affa* 
ratus employed therein, Marshall Arthur Wier, 33, Ab- 
church Lane, London. March 4, 1875. — No. 806. The 
invention consists in the employment of a magneto-eledtric 
machine for generating the current of eledricity for igniting 
gas at the burners of railway carriage-lamps, street-lamps, 
&c. ; also in an arrangement of conta^ breaker connected 
to the regulating cock of each burner by which, on opening 
the said regulating cock, the contadt is broken and a spark 
allowed to pass igniting the gas ; whilst, when the regu- 
lating cock is closed or turned into certain other positions, 
the conta(5l breaker remains closed, and the current passes 
through it without emitting a spark. 

PATENTS GRANTED IN FOREIGN STATES. 

Belgium. 

37i6io. D. Rousseau, for an imported invention of 
improvements in eledric signals." — Dated August 9, 1875. 
— (English patent, August 4, 1875.) 

37,622. A. de Gaulne and C. Mild^, jun., for an im- 
ported invention of ** An eledtric fire-alarm knob." — Dated 
August 10, 1875. — (French patent, March 31, 1875.) 

37,655. E. J. Gondolo, for an imported invention of 
" Improvements in ele(5lric clocks." — Dated August 14, 
1875. — (French patent, April 20, 1875.) 

37,663. A. Luyssen, of Furnes, for '* Telegraph-poles of 
wrought- or cast-iron." — Dated August 16, 1875. 

37,669. A. Billet, for an imported invention of •* An 
automatic regulator for telegraphic apparatus."— Dated 
August 16, 1875. — (French patent, August 13, 1875.) 

United States. 

165.156. Automatic Telegraphs, — Patrick B. Delany, 
Jersey City, N.J. — The combination with an automatic 
transmitter of a relay which connecfts the line on one 
movement of its armature to the signalling battery, and 
upon the other to the earth or to a reversing battery, sub- 
stantially as and for the purposes set forth. 

165.157. Telegraph -RWays.— Patrick B. Delany, Jersey 
City, N.J. — The combination with a fixed armature, plain 
or eiedtro-magnetic, of an eledro-magnetic coil, movably 
suspended above the same, substantially as herein shown 
and described. 

1651183. Electric Signal Apparatus for Steam Vessels, — 
Charles A. Stearns, Boston, Mass., assignor to himself, 
Wm. H. Torbert, Philadelphia, Pa., and Edmund B. Van- 
nerar and C. H. Dolbear, Boston, Mass. — The shaft or 
other moving part of the machinery has a stud affixed to 
it, which operates upon a circuit closing apparatus, so 
arranged that one circuit is closed when the shaft moves 
in one direction, and the other circuit when in the other. 
An indicator is placed at any distance to show the direc- 
tion, which will also show the rapidity of the revolution. 
The combination of the shaft E, projection F, bent levers 
D D', sliding bars A A', plates m m' n n\ battery M B, 
circuits w w\ and indicators I I', substantially as and 
for the purpose set forth. 

165,396. Electric Winding Mechanisms for Clock Work, 
— ^John William Wignall, Manchester, Great Britain. — 
Running down of motor allows battery plates to lower 
into liquid, sending current around magnets, operating, 
when charged, to wind up the motor and withdraw plates. 
The combination in a clock operated by a weight, of an 
armature, A, of an eledro-magnet, conne^ed to the shaft 
I of the winding-drum with mechanism, substantially as 
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described, for putting the battery into and out of adlion, 
as for the purpose set forth. 

165,210. Galvanic Batteries. Joseph C. Clamond and 
L. A. Gaiffe, Paris, France. Filed November 6, 1374.— 
An artificial carbon is produced by calcining a mixture of 
graphite, tar, and sugar. The carbon thus prepared is 
immersed in a solution of perchlcride of iron or of another 
salt of sesquioxide of iron, and then in ammonia. The 
sesquioxide of iron is precipitated and incorporated in the 
pores of the carbon. By this means the porous vessel is 
dispensed with, and the depolarising agent is chemically 
produced in the pores of the carbon itself, i. The im- 
proved sesquioxide of iron battery, containing sesquioxide 
of iron in combination with zinc and an ammoniacal salt, 
as specified. 2. The method herein described of pre- 
paring a sesquioxide of iron battery by mixing sesquioxide 
of iron with coke, or fixing it in the pores of carbon, sub- 
stantially as specified. 

165.263. Duplex Telegraphs, G. Smith, Astoria, N.Y. 
Filed December 22, 1874. — i. The two batteries a and b 
of unequal power, connected with the same poles to the 
line, in combination with the adjustable rheostat between 
the larger battery and the line, the receiving instrument 
between the smaller battery and the line, and the key for 
simultaneously opening and closing the circuits from both 
batteries, substantially as specified. 2. In a duplex tele- 
graph the arrangement of the batteries a and 6, receiving 
instrument /, and rheostat, substantially as specified, so 
that the batteries shall neutralise each other at the re- 
ceiving instrument and adt together on the line, substan- 
tially as set forth. 

165,281. Circuit Closers for Railway Signals. Saml. 
Weeks, New Orleans, La. Filed June 5, 1875. A circuit 
closing device for signalling the passage of railway trains 
over the track, composed of a spring-supported conneding 
plate insulated from the ground, and placed in communi- 
cation with the line wires, and of a central contadt plate 
supported below the connector, and conneded to the earth 
for closing the circuit with the station by the contadt of 
connedor and central plate, substantially in the manner 
and for the purpose set forth. 

165,312. Poles for Galvanic Batteries, H. P. Dechett, 
New York, N.Y. Filed June 26, 1874.— A battery pole, 
consisting of a condu(5ting skeleton or perforated frame or 
jacket, containing broken carbon or a carbon plate, sub- 
stantially as and for the purpose described. 

165,379. Printing Telegraphs, John E. Smith, New 
York, N.Y. Filed May 21, 1875.— Type wheel revolved 
both on make and break of circuit. One coil of printing 
magnets in a local circuit closed by escapement lever on 
prolonged closure of main circuit, other in a local ditto on 
prolonged breaking. Unison applied to stop transmitter 
automatically at zero. i. In a printing telegraph the ar- 
rangement of one-half or portion of the wire of the 
printing magnets in one local circuit or branch of a local 
circuit, and the other half or portion of the wire of said 
magnets in another local circuit or branch of a local cir- 
cuit, in combination with a circuit breaker that ads, during 
the rotation of the type wheel, to open and close the cir- 
cuit or circuits alternately through the two parts of the 
printing magnet, substantially as set forth. 2. In a 
printing telegraph, a printing magnet in a local circuit or 
circuits, a type wheel magnet in a main circuit, and an 
escapement wheel that allows the type wheel to advance 
a whole character at a single movement of the escapement 
pallet, in combination with a lever that serves the double 
purpose of liberating the type wheel and closing the local 
printing circuit, to effedt an impression by either a pro- 
longed opening or closing of the main circuit. 3. In a 
printing telegraph, the ratchet wheel / and the pawl m, in 
combination with the lever /, substantially as described. 
4. The springs c and ^, in combination with an electro- 
magnet and a train of wheels for letting into an eledric 
circuit a resistance either measurable or infinite. 5. The 
magnet C, pallet B, springs c and e, resistance A, lever f, 
rMtchei wheel I, Md psmntf in combination with a train 



of wheels, substantially as set forth. 6. In the transnit- 
ter of a printing telegraph, the combination with a traia 
of wheels of the arm P, and the loosely-fitted lever S, 
substantially as and for the purposes set forth. 7. The 
lever U in combination with the lever R, substantially at 
set forth. 8. In printing telegraph apparatus, a self- 
locking transmitter, in combination with a self-locking 
printer. 

165,413. Electric Thermostats, Edwd. J. Frost, Fhila. 
delphia. Pa., assignor of one-half his right to J.Hoebnleo, 
same place. Filed December 24, 1874. — i. The therroo. 
Stat consisting of a compound strip formed into a flat 
spiral, a central adjusting screw, and the casing or 
covering, substantially as set forth. 2. The combination, 
with the spiral compound strip and central adjusting screw, 
of the index plate and index concealed in a hollow in the 
base of the thermostat. 

165,452. Galvanic Batteries, George L. Leclancbc, 
Paris, France, assignor to H. L. Roosevelt. Filed 
December 16, 1874. — Incorporates the depolarising sub* 
stance with the negative clement in the manner specified 
in claims, thus dispensing with the use of a porous cap. 
I. A galvanic battery in which the use of a porous cupii 
dispensed with, and in which an insoluble or slightly 
soluble depolarising; substance, as above defined, renSeied 
solid (with or without cement, by pressure), is combiaed 
with a condudor and negative pole, substantially as and 
for the purposes set forth. 2. A depolarising body for 
connexion with the negative pole of a galvanic battm, 
consisting, in whole or in part, of an insoluble or slighuy 
soluble depolarising substance, rendered solid, wiUi or 
without cement, by pressure in a mould, substantially ai 
and for the purposes set forth. 3. A galvanic battery is 
which the use of a porous cup or diaphragm, or its eqnira- 
lent, is dispensed with, and in which the negative elooeot 
consists of a mixture of an insoluble or slightly lolsbk 
depolarising substance, as hereinbefore defined, and a cob- 
dudor, with or without cement, rendered solid by presstue, 
substantially as and for the purposes set forth. 4. A na- 
tive element for a galvanic battery, consisting, in whole or 
in part, of a mixture of insoluble or slightly solnble de- 
polarising substance, as above defined, and a coododor 
with or without cement, rendered solid by pressure ia t 
mould, substantially as and for the purposes set forth. 

165,535. Underground Telegraph Litus, David Broolo, 
Philadelphia, Pa. Filed June 2, 1875. — i. An undergnmsd 
telegraph wire or cable clothed with absorbent materiil, 
covered with insulating substance, stnd contained within 
a pipe, in combination with a liquid insulating medinni 
maintained under pressure within the said pipe, all sub- 
stantially as set forth. 2. An underground telegraph wire 
or cable surrounded by pipes arranged in seAions, tash 
sedion being bent upward at the ends, as set forth, and 
terminating in a box or receptacle, B, for the purpoie 
specified. 
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Since the day when Ele(5lricity was first disco- 
vered, until now, its vast importance and its 
high destinies have grown upon the human 
mind; Fresh phases of its power, fresh results, 
new means of obtaining and governing its 
action, and multiplied ends to which it may be 
turned, have constantly discovered them- 
selves ; till to-day it stands out as one of the 
grandest subjedls presented to the scientific and 
practical world for investigation and research. 
Perhaps, however, no other Science or Art 
has exhibited so extraordinary a concurrence 
of anomalies. It is at once the most ter- 
rible monster and the most humble and 
obedient servant , its adlion is at one moment 
beneficial, at the next destru(5live ; its range is 
boundless, yet it may be " cabined, cribbed, 
confined " at ease ; it is everywhere present, 
while its nature is only imperfedlly understood ; 
and, to crown all, although it is one of the most im- 
portant agents in the adlion and the phenomena 
of the universe, and increasing knowledge of 
its applicability to the needs of our race is of 
the utmost importance, no dire<5\ means of as- 
certaining the thoughts and discoveries of its 
students, or of bringing them before the scien- 
tific and mechanical community, at present 
exist. Attempts have been made to supply 
this want, and journals have been started 
with the professed obje<5\ in view of making 
public all that is known or can be learnt 
of Eledlricity in all its branches. But they 
have degenerated into unscientific records of 
unimportant events, and the purpose for which 
they were established has been lost sight of. 
Thus it comes that — while Engineering, Che- 
mistry, and other Applied Sciences have all 
their representative recognised organs — the 
Eledlrician finds himself without any current 
journal from which he can learn the events 
which are daily occurring of peculiar interest 
to himself. 



Such a want has now been supplied by the 
establishment of the Electrical News and 
Telegraphic Reporter. In its columns willbe 
found the most valuable opinions of eminent 
Eledlricians and scientific men all overtheworli 
Articles will be contributed which will beof valoe 
not only to those who study Eledlrici ty as amatenr 
experimentalists or scientific inquirers, but also 
to those whose daily life is bound up with the 
advancement of pradlical knowledge in all de- 
partments of the science, and who as elec- 
tricians, telegraphists, eledlrotypers, elccbt)- 
platers, and chemists have continually to deal 
with the same marvellous agent of force in 
difierent ways. Nor will the doings of foreign 
societies be ignored as in times gone by, bat, 
in the shape of carefully prepared abstracts, 
their proceedings will be presented to our readers. 
Every opportunity will be g^ven for the health- 
ful discussion of the science in all its branches, 
and a fair unbiassed course will be steered in 
all questions of dispute. 

This, then, is our Programme in brief. More 
we could promise, but prefer to let the new 
periodical speak for itself. The subjecfl with 
which it will deal is of too great importance to 
need one word of recommendation. Daily ex- 
perience teaches us that we are as yet on the 
threshold only of a vast expanse of eleclricti 
knowledge. This has to be explored, and as 
the research gains in strength and intelligence 
the results will be far beyond all present con- 
ception. The feat of girdling the earth ii 
forty minutes will be eclipsed by great deeds 
yet to be done, and if the establishment d 
the Electrical News and Telegraphic 
Reporter conduces to the hastening of this 
desirable end our objedl will have been gainedy 
and we shall be fully rewarded. 

Boy Court, Ludgate Hill, London, B.C. 
July i8t, 1875. 
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THE ELECTRIC CONDUCTIVITY OF MINERAL 

SUBSTANCES.* 

By the Count Th. du MONCEL, 

Membre de I'lastitut de France. 

(Concluded frooi page 155.) 

The influence of temperature is also very manifest, and it 
results always in annulling or lessening the conductivity of 
minerals. However, the manner in which this influence 
is exercised upon hard and soft stones, is not entirely the 
same. With the latter the weakening or annulling of 
condudivity which heat accomplishes principally results 
from a simple drying of the damp layer covering the sides 
of the pores ; whilst in hard stones heat physically 
augments their resistance as is the case with metals. 
The consequence is that, is these latter stones, con- 
ductivity, after having been destroyed by a suitable and 
prolonged heating, is rcstorable much more promptly 
than in soft stones — especially if they are retained in a 
rather dry and warm apartment. With some of them 
condudivity cannot even be destroyed after being 
•• stoved '* for a quarter of an hour. Thus Heronville 
flint, whose resistance represents 2032 kilometres for a 
defledion of 78° at a temperature of 2o'',t having under- 
gone the operation, furnished, though still burning hot, a 
defledion of 35° with the circuit unshunted. Certainly 
this defledion was far from being constant : it had some 
oscillation at certain moments as low as zero. But at 
the end of fifteen minutes the upward tendency of the 
reading commenced, and arrived at almost its normal 
condition after the space of four hours. 

With porous stones the time necessary to resume a 
commencement of condudivity may exceed eight hours, 
although during a damp season only four hours may be 
required. But the progress of this condudivity in a 
rather dry apartment is extremely slow; for after the 
lapse of several days, and after removing the eledrodes, 
one is scarcely able to re-obtain the abnormal defledions. 
This condudivity, in the case of my Caen stone sample, 
from seven o'clock to midnight on a very damp evening, 
with the circuit unshunted, only varied from 12^ to 22% 
and on the morrow it was stiU only 59*. 

As moisture increases with a lowering of temperature, 
and since the two combined influence an increase of con- 
dudivity in the different stones, it happens that hard 
stones like porous ones are susceptible of large fludua- 
tions (during different hours of the day) in the strength 
of the current which crosses them ; especially when they 
are exposed to the outside air and particularly to the sun. 
In the one the condudivity increases or diminishes 
principally according to moisture variations ; in the other 
temperature variations have the most energetic influence. 
In my note of Odober 5, 1874, I gave an indication of 
these fluduations for Caen stone, flint, serpentine, and 
hard cystis when exposed to the outer air. I have this 
year obtained some analogous results from the yellow 
jaspery flint which figures in the table,| and which has 
given the following defledions when exposed during clear 
and dry weather: — 84° at mid-day, 81" at 3 p.m., 73' at 
4 p.m., 68° at 5 p.m., 73° at 6.30 p.m., 79" at 9 p.m., and 
81" at midnight. 

It now remains for me to refer to the manner in which 
a current traversing a stone becomes impressed by the 

' * Communicated by the Author. 

\ This deflexion in simple circuit corresponds to a resistance of 
37ifi493 kilometres of telegraph wire. 
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persistent polarisation which is found developed within 
it in consequence of a prior eledrification. One of the 
most manifest eflcds of the readion which is then pro- 
duced is the successive weakening of the current's 
strength when several consecutive " closings " of the 
circuit are elTeded in one diredion, even after the indica- 
tions of polarisation currents which have preceded them 
are cancelled from the galvanometer. With certain 
minerals, particularly porous stones, this weakening is so 
considerable that in certain cases the current can no 
longer pass ; and in order'to make it reappear, it becomes 
necessary to dismount the ele'drodes and wipe the stone. 
When the diredion of the current across the stone is 
reversed, and several ♦' closings " are then accomplished 
in the same diredion, some very different cffeds may be 
brought about according to the nature of the minerals, 
their homogeneity, the degree of persistency of molecular 
polarisation, and the greater or less duration of the 
circuit •' closings " or intervals of times between the 
*' closings." Generally the first inverse current is weaker 
for the first moment than those which have preceded it ; 
and those which follow it become stronger either really, 
or relatively, to what they ought to be. At other times 
the reverse takes precedence ; but even then it is only 
after a certain period of the current's adion that the 
strengthening takes place. The first of these effeds is 
perfedly charadcrised in hard stones, and the second is 
often met with in soft stones. In every case we may 
recognise therefrom that polarisation in stones is chiefly 
an eledro-static one ; for if it were a chemical polarisa- 
tion the resulting inverse current should always reinforce 
the currents transmitted at the moment of their inversion. 
Here are three very interesting examples of these 
descriptions of readions ; one relating to hard stones, the 
other two to soft stones. The Nos. refer to the order of 
the experiments. (See Table on next page). 

In the first example the two "closings" in the same 
diredion successively diminished the strength of the 
current ; but, after the inversion^ the first current, which 
was very weak in relation to those which preceded it, 
became, on the contrary , reinforced by the second closure ; 
and the same is the case after the second inversion. In 
the second and third experiments the currents are 
strengthened after the first inversion ; and this reinforce- 
ment, which diminishes in the case of the Caen stone on 
the second closure, increases, however, with the American 
stone. 

If we turn over in our minds the different effeds which 
I have pointed out, and endeavour to attribute them to 
the effeds of eledrification as propounded for the last 
fifteen years, we shall soon convince ourselves that they 
arc not so simple; and that these latter themselves some- 
what participate, at least /or certain dieledrics, in the 
readions so clearly observable in minerals. 

The first dedudion that may be drawn from my experi- 
ments is, indeed, that minerals (like the generality of 
indifferently conduding bodies susceptible of being 
affeded by damp air) possess two kinds of conductivities. 
One condudivity is clectrotonic, conneded with the 
matter itself, of which these bodies are composed ; the 
other is electrostatic, referable to the moist layer which 
covers the sides of the porous interstices by which 
moisture has penetrated. Hence we may be allowed to 
conclude that the secondary effeds, consequent upon 
these two classes of condudivity, should clash within the 
minerals ; and as they possess a very different electrostatic 
capacity — since their absorption faculty for the atmosphere^ s 
moisture is itself variable according to their nature and 
molecular texture — it happens that with some of them — 
and hard stones are among the number — eledrotonic con- 
dudivity dominates ; whilst with others eledrolytic 
condudivity prevails. It may even happen that certain 
stones possess these two condudivities in an equal degree. 
Now what are the effeds which, from a theoretic point of 
view, should arise in these different cases ? 
1 It is essential first of all to explain even the manner in 
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Principal Current. 



Heronville Flint (with shunt of 2 kilometres). 

Polarisation 
Current. 



Principal Current 
Reversed. 



At the Five Minutet 
No. Beginning. After. 

I. (38*-34^) 
1. (32— a8) 

5. (31—22) 

6. 66—29) 



32* 
30 
25 
31 



At the 
Beginning. 

(9o'-77') 

(go — 80) 

. (90—75) 
(90-83) 



No. 

3- 
4« 



At the Five Minutes 
Beginning. After. 



(28»— 23'') 
(36-27) 



25" 
29 



Pdatiaatioii 
Current. 

At the 
Beginning. 

(9o'— 75*) 
(90—84) 



I. 
2» 



I. 
2. 



(90—64) 
(54—47) 



(90-83) 
(89-58) 



51 
32 



74 
52 



Caen Stone (with shunt of 64 kilometres). 

(44—17) I 3. (78—50) 

(43—20) I 4. (63—46) 

American (with shunt of 64 kilometres). 

(48-17) I 3- (90—69) 

(36—20) I 4. (90-85) 



52 
42 



77 
77 



(30—16) 
(33—19) 



(28—17) 
(44-18) 



which the phenomenon of eledrification is produced ; 
and to ascertain whether the eledtrostatic rea^ion, which 
(in the eledtrification theory) always precedes transmission 
across the material, exists really and truly in my own 
experiments. 

When an eledric current goes through a high resistance 
condudor, its strength after a certain variable time — 
variable according to the resistance — becomes almost 
permanent, provided, however, that the source is constant, 
and that it aoes not produce any secondary action. With 
aerial insulated metallic conductors this variable period 
is of short duration, and Cannot be detected without 
special instruments ; but when, as with stones, resistances 
are called into question which may attain several millions 
of kilometres, it necessarily becomes visible, and the 
movement of the galvanometer's needle is very slow. 
Generally this is not the case. The moment the circuit 
is closed the deflection immediately attains a maximum ^ 
then the needle poises itself at a distance more or less great 
from the maximum point ; and it is then that it commences 
to ascend or descend in a successive and regular manner. 

Sometimes even the first deflection subsists alone, and 
the needle, having attained a position rarely exceeding 
slowly returns to zero. This takes place with 
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crystallised stones, amethyst, Iceland spar, gypsum, &c., 
and certain jaspers. Since in these conditions the eledtric 
transmission has not followed its ordinary course, we 
must premise that it has been preceded by a peculiar 
electric adtion giving rise to an eledtric movement ; and 
this adiion can only be that of a charge current resulting 
from an immediate polarisation of the molecules of the 
dielectric in contaCt with the metallic electrodes which 
bind up the stone to the circuit. This electrostatic effeCt, 
however, cannot give rise to a continuous charge current ; 
for, once charged to the potential of the source, the 
electrified molecules determine a static condition in the 
metallic circuit. This condition, nevertheless, may be 
broken in upon and so give place to a new current if the 
molecular polarisation, in reacting gradually by means of 
successive electrical decompositions and recompositions, 
provoke an eleCtric flow across the substance. Now this 
is precisely what does take place, and is what constitutes 
glectrotonic transmission, of which I have already spoken. 
On the other hand, if we suppose that by reason of bad 
condudivity the successive neutralisations are slowly 
effected, the molecules of the dielectric adjacent to those 
which are in contact with the metallic electrodes would 
acquire an excess charge whose potential tends unceas- 
ingly to increase, and which, therefore, not being able to 
easily disperse because of bad conductivity, creates this 
persistent electrostatic charge of which I have already 
proved the existence, and which occasions the secondary 
currents of so long a duration in Heronville flint. When 
a flitting defleCtion takes place, as has been the case in 
certain experiments about which I have already spoken, 
it is evidently occasioned by the electrostatic charge. It 
it wrong, however, to conclude from this that the eleCtro- 
tonic current docs not exist: on some mirror galvano- 



meters, with more developed eledrodes and a strooger 
eledric source, it will indubitably be found. The En^ish, 
in fad, have thoroughly verified it in india-rubber ui 
gutta-percha. Still it may be readily apprehended that 
the existence of this current is not indispensable to the 
produdion of that eledrostatic effedt which detenmaet 
the needle's movement. 

After what has been just stated, "we understand withoat 
difficulty how the penetration of the electrostatic polarici- 
tion into the heart of the dieledric is at once the fundios 
of its eledrostatic capacity and of its resistance. It it 
generally admitted that one of these properties is is 
inverse ratio of the other, but I think that for mioenis 
this law is not general. Whatever it ma^ be, as this 
polarisation is successive and persistent, it must reid 
upon the transmitted current and indicate upon the 
galvanometer effeds opposed to the different phases of 
transmission, (x). During the first moment the chugt 
current ought to persist for some instants in becoming vioi 
by reason of the successive penetration and the less tolas 
energetic eledrostatic adion. (2). The carreot traos- 
mitted eledrotonically in passing through all the phases 
of a variable period — always very long with dieledrict^ 
should augment more and more in proportion as this 
variable period approaches to the permanent period, and 
especially in proportion as molecular polarisatioa peae* 
trates deeper into the substance. 

According to this theory, if minerals had only an 

eledrotonic condudivity, the strength of the cnrrtat 

transmitted through them should always increase after a 

first lowering. This happens, as has been seen, for a 

great number of hard stones ; but as they possess, in 

addition, an eledrolytic condudivity resulting from the 

absorption of moisture from the atmosphere, there is 

combmed with the eledrostatic polarisation effeds an 

eledro-chemical polarisation which produces a gradsal 

and continual drop in the strength of the transmitted 

current. When this effed has less energy than that 

determined by eledrostatic adion, a successive 

strengthening of the transmitted current becooes 

manifest ; and the molecular polarisation induced by the 

eledrostatic charge gives place to a more or less energetic 

and durable polarisation current. Its durability is pco- 

portional to the eledrostatic capacity of the mineral, lod 

the depth to which the polarising adion has penetrated: 

a depth which depends on the condudivity of the mineral, 

on the duration of the eledric adion, and on the strength 

of the current. When, on the contrary, the eledtro- 

chemical adion dominates, as is often found in soft and 

porous stones, the transmitted current always contionei 

to diminish; and the polarising current, whilst it is 

generally less energetic than in the preceding case, lasts, 

at the same time, for a relatively shorter period. Lastly, 

the two kinds of polarisation are nearly equal in enei0i 

the current becomes nearly stable after first submitting to 

a drop (the result of the two adions), and no polarisatioa 

current can arise. In fad, the persistent negati^Fe pobri* 

tics (determined by eledrostatic adion vpoQ th^ itflM^ 
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molecules, which yield to the influence of the negalive 
eledrode) are neutralised by the positive polarities which 
are piovoked upon this eleftrode by elciftro -chemical 

EalSTisalion ; that is to say by the deposit of hydrogen 
abbles upon the negative eleAtodc ; the same boti of 
adion may be «aid of the other eledrode. This is pre- 
ciaely what takes place with china red onyx, gun flint, 
terpentine, &c.. &c. Let us suppose, now, any poition ' 
of the stone positive with regard to another portion in 
consequence of its non-homogeneous texture, or because 
it will less readily absorb moisture ; we immediately com- 
prehend (he accidental differences which may be brought 
about regarding the conditions of conduiSivity of the 
transmitted current according as they are sent in one or 
the other diredlion. 
_ As to the leaflions produced on currents by the per- 
sistent polarisation of the dieleflric molecules, ihey are 
easily understood as far as homogeneous minerals are 
concerned ; and they are with ease accounted for, as 
shown by the table a lie a dy given. Molecular polarisation 
being persistent, the charge current from each current 
closure (in the same dirci^ion) should be less and less 
energetic, since on the one hand the differences of the 
potentials between the eleflric source and the stone 
particles most diredtly influenced by the eledroslatic 
Bdtion, is less and less considerable, whilst on the other 
side eleflro-chemical polarisation tends to oppose itseli to 
each charge. Hence results the successive drop of the 
transmitted current when several "closings" of the 
current in one direflion are eA'cfled, and that, too, after 
the disappearance of the resulting polarisation current. 

When, afler these successive closings, we reverse the 
diredion of the current, the remanent polarities neces- 
sarily oppose a certain resistance to the inverse elearo- 
•talic adion, and ought to provoke at the beginning a 
lowering in the strength of the current— provided, how- 
ever, that eledlro-ehemical polarisation is not predominant. 
But this inverse polarity successively continuing to grow 
less, fresh eleiflrostatic effedls, acquire more and more a 
greater power, and furnish relatively an increase in the 
current's strength until ihcyare themselves diminished by 
new developed polarities. This may be noticed from the 
flgures in my last table referring to Heronville flint. Yet 
when eledro-chemical prevails over electrostatic polarisa- 
tion, the contrary must take place, for then the polarisation 
current which has a tendency to be created will be found 
in the direaion of the new transmitted current. It will 
•till be remarked that this effeQ U not generally produced, 
and that only when the circuit reroaini closed for a 
certain while in the *ame direaion, or is at least closed 
twice in succession. After a single closure the polarising 
chemical aftion is not sufficiently developed, especially 
when the closure is of short duration. A rather curious 
eflefl is produced in this latter case after a certain number 
of experiments. The deflediions which are manifested at 
the beginning (for the direflion of the current correspond- 
ing 10 the weakest defledionsl become weak much less 
quickly than corresponding deHedions from the reversed 
current. This shows that the initial deflefllons are 
etpecially impressed by elefiroslatic polarisation. This 
may be judged of from the following list of experiments 
made upon the Caen stone sample, and with current 
closures of two minutes only— the inversions of the 
current succeeding one another without interruption. 

As may be seen, all — even the most conltadiaory — 
tfSt&i readily explain themselves with the theory I have 
just expounded, without admitting any hypothesis. It is 
a theory entirely based upon faCts, and I could even say 
that the persistence of molecular polarisation after the 
disappearance of the galvanometer defleSions— persistence 
upon which this theory is supported, and from which we 
may deduce effects produced ulteriorly — may be even 
direaly shown. To do so it suffices to break the circuit 
which unites the stone direaly to the galvanometer, and 
to after re-establish it a« it was before. The needle is 
then oblerred to (werve under the influence of the 
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ies. and to maintain its deviation for 
I have refound these s nail currents a 

while after elei^ili cation of the stones ; but a beating 

ess caused them to instantly disperse. 



THE ACTION OF CHARCOAL IN BATTERIES. 
By H. SAUVAGE. 

Grove, in 1839. first construfled his batteries with 
graphite for interior negative elearodes. Dunsen, in 
1S43, proposing this elefirode " as an economical im- 
provement," surrounded the porous pot and the zinc with 
coke-dust and oily coal calcined in moulds. Archereau, 
lurning to Grove's arrangement, obtained w 
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[he Bunsen arrangement), by substituting for L 
meraled carbon a carbon sufficiently parous to allow the 
icid to percolate, maintained the high potential of 
Archereau's elements with a less surface of zinc though 
a larger one of the carbon. These fads seem to firnSy 
demonstrate that the employment of charcoal as a nega- 
tive elearode is advantageous from the twofold view of 
economy and conduiSivity, and that it is advisable to 
increase its surface. 

It does not seem as though we should assign any very 
special aaion to the carbon. Like copper, platinum, or 
any other eleflro- negative body, it plaj-s no other part in 
the voltaic economy than that of a simple conduAor, to 
share the elefiric condition of the liquid and communicate 
it to the exterior circuit. As with all other negative 
elearodes, we aim at developing its surface, and pre- 
serving it from the hydrogen bubbles which cover it with 
an injurious insulating layer, whereby an adverse and 
weakening current is set up. 

Now, in the numerous systemswithwhich it it proposed 
to chemically absorb the hydrogen before its arrival at 
the negative elearode — whether by a second liquid, by * 
damp doughy mixture, by a solid oxide, by a layer of 
sand, or by pulverised carban — it it worthy of remark 
that the carbon plate is always found confined in the 
liquid, the sand, paste, or in a pot more or less hermeti- 
cally closed. Leclanchf himself, in his battery (manga- 
nese and pounded charcoal), does not indicate any other 
use for the orifice which he makes in the wax stopper o( 
his porous pots than to allow the passage of the air when 
the not is immersed into the battery liquid. 

The carbon has nearly always been placed under very 
disadvantagenus conditions for manifesting and preserving 
its aftion, if any such it has. That it has such an aftion 
is maintained by certain tavantt, among whom is tbe 
Count Du Moncet, who says—" Even charcoal will deve- 
lop an electromotive force afiing in concert with that 
produced from the oxidation of the linc." If, therefore, it 
has a favourable afiion towards the development of the 
elsAtomoiive force of the couple of which it forms a part. 
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it can only be exercised, and continued, by eliminating 
the polarisation to which it is liable from certain condi* 
tions perhaps ill-observed until now. 

Here are some experiments which appear to determine 
these conditions, and some observations regarding the 
possible role of the carbon when these conditions are 
realised. These experiments, which require more patience 
and time than science, are, however, very easily repeated 
and verified. 

Three vessels of water containing a solution of sal- 
ammoniac being each divided into two compartments by 
a simple wooden partition, and the compartment of the 
lead negative eledlrode being filled with pounded carbon, 
a defle(5tion of 17° was obtained, with a circuit of 50 kilos., 
when one-third of the carbon grains were out of the 
liquid. Without breaking the circuit, the defledion fell 
in four hours to 10° by covering the carbon with water; 
and the former defledlion of 17* was restored on pumping 
out the water to its former height. Each repeated trial 
showed the current to be weakened by immersion of the 
carbon, and strengthened by the carbon's exposure to 
the air. 

This remark explains the cause of the prompt failing of 
certain battery elements ; for example, Gaiffe's medical 
boxes and Trouve's closed-case batteries. It establishes 
the principle that the chief condition to observe in the 
use of carbon is to allow its respiration in the air. The 
word *' respiration " seems well suited, for it is not suffi- 
cient, in order that the carbon exert its whole adlion, to 
enable it freely to give out the hydrogen absorbed ; it 
must also take back air. This is proved by the following 
experiment, made with 4 elements on the Leclanche 
model, without manganese, and with porous pots furnished 
with bent waste pipes to receive the gas under water. 
Circuit was closed (without exterior resistance) for seve- 
ral days ; then 50 kiloms. resistance was inserted, and 
the galvanometer's defledion observed. When the tubes 
were open the defledion rose in ten minutes from 2° to 
14°, and in one hour and five minutes to 19°. In another 
similar trial, at 17*5" the upward movement remained 
stationary from the simple fad of the immersion of the 
waste tubes — the absorbed gas being disengaged, but air 
not being able to re-enter the carbon. If, after fourteen 
hours' suspension of upward motion, the tubes be opened 
to the air, the motion will be resumed until the normal 
defledlion is reached. So long as air does not enter into 
the carbon, the disengaged gas is pure hydrogen ; other- 
wise, as will be seen further on, it is carbonated hydrogen. 
It is thus essential in using carbon to let it have large 
access to air. 

Nevertheless, the surface or the volume of the carbon 
does not apparently influence the development of eledlro- 
motive force, from a given limit, but solely influences the 
absorption and disengagement of hydrogen. Thus 
29 elements — formed of common salt water, carbon plates, 
and zinc wires, 5 m.m. diameter — gave, with 200 kiloms. 
resistance, 19' defledion, which fell to 8"* with circuit 
closed for one hour. Some pounded charcoal was placed 
around the carbon plates, and separated from the zincs by 
wooden strips. The deflexion was again 19^ at the com- 
mencement, but it only fell to 15% at which it was 
continued. 

It is thus evidently useful to maintain a convenient 
proportion between the absorbing volume and the quan- 
tity of hydrogen liberated by the oxidation of the zinc. 

The interior resistance for porous pots of weak capa- 
city augments with the quantity of zinc oxidised, and 
consequently with the number of elements added. A 
group of 2 elements, having about 80 c.c. of charcoal, 
maintained, in a closed circuit of 50 kiloms. resistance, a 
defledion of 15* for forty days : the zino eledrodes were 
wires of o*oi m. or 0001 m. diameter, and, enclosed in 
gutta-percha sheaths, they only touched the liquid by 
their lower sedion. The waste of the zinc was close upon 
0*01 grm. per hour. 

It becomes probable that the strength of a battery of 



this class being given, we may, by progressively increasiag 
the carbon, suppress polarisation. With an insufficient 
volume of carbon we cannot exceed a limited nambcr of 
couples without increasing the resistance of the system 
until an almost complete stoppage of action is reached. 
This takes place with small porous pots of a capacity of 

7 ^•^• 
Preserve the carbon from every chance of becoming 

dirty, or from every deposit capable of retarding absorp- 
tion. Choose a carbon at the same time porous and 
hard ; facilitate respiration into the air by providing a 
surface equal to that of absorption ; and increase these 
surfaces proportionally to the required strength. Soch 
are the conditions necessary to be observed in constrading 
negative eledrodes of this charader. 

In order to render conspicuous the part that carboo 
performs in each system, the charcoal system has been 
compared with those of Mari6-Davy, Breguet, aod 
Leclanche : the charcoal batteries were in each case of 
the same dimensions as those with which they vere 
compared. 

Breguet's battery, described by the Count Du Hoocd 
under the name of *' Fortin battery of sal-ammoniac asd 
pulverised carbon,*' having a prism of carbon surrounded 
with coke or pounded charcoal for the negative eledrode, 
will well serve as the type of carbon batteries, if, instead 
of pulverised coke, only pounded charcoal be used. Tbe 
zinc eledtrode is reduced to its useful surface, and the 
porous pot of large diameter overtowers by a half of its 
height the portion immersed ; but, such as it is, notvitb- 
standing its dimensions (at least four times as great ai 
the elements prepared with charcoal, with which it has 
been comparec), it is greatly inferior, and its inferiority it 
attributable only to the difference in the carbon used. 

Compared by a sine galvanometer with 200 kiloos. 
exterior resistance, Breguet's 12 elements at Loavien 
gave 24^ and the 12 similar elements at Hondonville gave 
27** ; 12 small charcoal elements gave 36% and 12 of 
Mari^-Davy's elements on this latter model gave 4i'5'< 

Compared again — dimensions being equal — ^with tltf 
same exterior resistance, with charcoal elements baviiig 
no other exciting liquor than common salt water, 35 of 
Breguet's elements of pounded coke, without dusU ga^vc 
22°, whilst the 35 charcoal elements with water acidulatii 
ivith common table salt^ as above described, gave 23*. Tbe 
number of elements in this case had thus the effed of 
diminishing the strength by reason of the insafficieot 
volume of the carbon. 

The battery left on short circuit for one night, the 
pounded coke elements showed ^ defle<^ion of 4' with 
200 kiloms. of exterior resistance, and only went up to 8* 
at the end of three hours and a half. The charcoal cl^ 
ments first gave 8^ then 13*^ after three minates only: the 
former elements never went higher than 8**, bat went dovo 
to 7° ; the latter maintained 13® and 14". After a rest 
the coke elements only gave 15°, the charcoal elements 
20°. We thus see how far preferable it is to make use of 
charcoal. 

In the above experiment the dimensions of tbe celli 
were disadvantageous to the two systems ; for, as the 
figures below indicate, the more we increase the nunber 
of these small elements the more we increase the battery 
resistance — the volume of carbon being no longer in soit- 
able proportion to the quantity of hydrogen liberated by 
the zinc oxidation, and the retarded absorption opposing 
the proper ** trim " of the liquid molecules. 

Some elements on the small Mari^-Davy pattern vere 
also used to compare the carbon system with the ama^tn 
depolarising system. Some carbon elements were set op 
with sal-ammoniac at the ratio of 10 to 20 grms. ptf 
element. Here are the results of comparative experimoti 
with these two kinds of batteries of 25 elements tatk 
(the same galvanometer and exterior resistance as befixc): 
— From the X4th to the 23rd of August, 187a, the reUisC 
from the charcoal elements rose from 30* to 24% wb&> 
the Mari^-Davy elements fell from 34* to 29*; tbe cvta 
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element waa thus worth JJJ, 

clement. On ihe aj of Oflober the former gave 19', 

the second 32°, the proportion being »lill {);, or oSS. 

Left on closed circuit with 200 kilom$i. tor live minu 
the carbon battery descended fiora 19' to 13', at wt 
Ihe reading was maintained; the sulphate uf mere 
battery itopped at 15°. Ihe proportion being Bill! 0-37. The c: 

Under these conditiona, unravoutablc 10 the carbon sumplloi 
■ystera, consequent upon the polarisation of the lead the imm 
fsBtening insuliiciently protected from the air {for, after livo sysi 
■ix months' use, hydrated chloride of leid was found), entry of 
the carbon battery has a strength equal to I'lg of a targe ' 
tize Daniel], whiUl the MaritJ-Davy elements are 137, 
•nd small siie charcoal elements 115. The two systems 
have shown the same constancy, and both present the 
■■me peculiarity of resistance, increasing with the num- 
ber of elements. After the information given by the 
Administration, tbe charcoal system^re-established 
more favourable surface and fastening conditions 
been compared with the Leclanch^ system, 

in a direfl manner whether manganese is useful or not in are then equivalent to the senlrd Leclanche elements'; 
it, and how far. besides, the formation of crystals is considerably retarded. 

Here are the results of these researches, which it will and the resumption of energy after a closed circuit is 
be easy to verify and complete by applying them to a also considerably hastened. Lastly, the porous pots of 
number of larger elements: — The two groups absolutely the Leclanchii elements being open in their turn, we 
differed merely by the presence of peroxide of manganese obtain the following comparisons with groups of two ele- 



'84 of the Marif-Davy through that of the negative element in the simple carbon 

^ r . _ , group. This, which would appear to be conncded with 

the faft that the pots of these two elements are much less 
charged with cij'st^ils. may depend upon the nature of 
the pots, but it \vili be interesting to certify if it con- 
tinues to shows itseK. 

The experiment quoted higher up, and in which the re- 
sumption of the noimal Btrengtli remains suspended by 

two systems: it would appear to establish that the te- 

uEcful to the adlion of the carbjn a) to 

nganese. 

To resume, the two s}'stems behave alike when both 

: sealed according to Leclanche's method, that is to 

I without any other communication with the air than 

ough a narrow Opening; but they maintain to the end 

advantage of a° (with 50 kilometres) in favour of man- 

loei gonese for groups of 5 elements. On the contrary, by 

has opening the porous puts of the simple carbon elements. 

they obtain themselves this advantage of 3 



o that they 



elements fell from 39° to 30° on the ordinary galvanometer, 
with a closed circuit of 50 kilometres resistance, in three 
houra and 20 minutes, which will represent, according to 
M. Bergon, about 14 hours of continuous telegraphic 
transmission. It was after this first period of the action 
of the binoxide of manganese that it was agreed upon to 
compare the Leclanchfielement with the charcoal element; 
the object being to determine if the former does not really 
owe to the carbon the a£lion which it afterwards retains, 
OT whether a portion of it is not due to the sesquioxide of 
manganese. Experiment proves that tbe two bodies are 

la anterior trials it had been too hastily concluded 
that the Leclanch£ element, after the redudiion in the 
beginning, is absolutely only equivalent to one without 
manganese, because the porous pots of the carbon ele- 
ments had been left open. These experiments were re- 
executed, care being taken this time to observe (for both 
systems} the same conditions of sealing up the porous 
pots ; and it has been ascertained that during the whole 
period of the experiment, i.e., until all the zincs are used 
up, tbe presence of the manganese does give a certain 
continuous advantage. At the beginning it gave to a 
group of 5 Leclanchf elements 30° upon a galvanometer 
of 50 kilometres circuit, whilst the group of 5 elements of 
carbon only gave 28°. For a 72 hours closed circuit, the 
first maintained zg°. the second 27°. 

Apart from this sensible superiority, the two groups 
were equally constant, and gave on a closed circuit the 
■nme polarisation results. Thus after working 80 hours 
with 50 kilometres, and 51 hours without exterior resis- 
tance [crystals only showing themselves in the state of 
fine neeilles on the porous pots), 
restored to 50 kilometres, and the 
from m' to a?* in f 
rose from 33° to 27* ii 

coverei) the pots, the two groups did not return to Ihei 
norma] strength ontil a long time had elapsed. 

Likewise, before the deposit of the crystals on the pots, 
he waste tubes, sealed into the orllice of the wax stoppers, 
and plunged into the water, disengage the gases imme- 
diately in sensibly equal limes in equal quantities. When 
Itas crystals cover the pots and zincs, the waste pipes 
commence to absorb water. The water mounts them to 
a great height, and then the gas drives it out in order to 
disetigage itself. With elements of four couples the dis- 
engageinent commences and terminates through the tube 



Open to the a 
Sealed up .. 



Therj 



j LeClanch£ elements . . • . 6'S° 
(Simple carton elements .. 6-0* 
(Leclanche elements .. ., 5-o* 
I Simple carbon elements .. 5'25° 
io of the strengths in each case, is i-ijS; and i 
may be remarked (r) that the seated Leclanche element 
is not of greater value than the o^en simple carbon one ; 
(z) the presence of manganese increases the electromotive 
force of a charcoal element from 13 to 14 per cent ; (3) by 
opening the Leclanchf pots, its elements will iu like 
manner gain 13 to r4 per cent, in cleflromotlve force. 

If from all these observations it turns out that manga- 
nese, although reduced to protoxide or sesquioxide, always 
remainsuscful.it doesnot seem less probable that the carbon 
has itself an aftion equally dependent on tbe return of air in 
order to become revived. There will in such a case be in 
tbe carbon some other property than its condensing or 
absorbing faculty, which, according to some, will of itself 
provoke a contrary eleflric disengagement. 

In the hope of discovering some indications of the mode 
of adtion of tbe carbon and air in the differences of crys- 
tals and the gases liberated by tbe two systems, the analy- 
sis of these produfls was confided to M. Edward Ferray, 
chemist, at Evrcux. He finds that the crystals which accu- 
mulate in both systems on the pots and zini:s are a definite 
compound of chloride of zinc, ammonia, and crystallisa- 
tion water ; that the cblsride of zinc is in an anhydrous 
condition although generated in tbe very midst of the 
liquid. This will be a consequence, possibly special to 
carbon batteries, of the chemical reaOlons exercised upon 
the chlorides, which are dissolved in the liquid, by the hy- 
drogen absorbed by the carbon and carried across the 
polarised liquid when the sealing of the porous pots pre- 
J" B""'!' ,'•" "f . vents its liberation. M. Ferray traces -' • ■- ----- 

nutes ; the Leclanche group crystals a salt of the special formula- 
When the crystals ' 









3ZnCI,4AzH3,4HO 



3Z nCl ,4Az Hj,4HO = 3AzH,CI-fAiH,0-t-3ZnO. 
considers this as the type of a series of analogous 
formed by carbon batteries. 

le analysis of the gases has given a result worthy of 
itlon, which, whilst proving that tbe carbon has a real 
in upon the hydrogen, will determine and limit at the 

--.-s .«.„,...„vv. 6.- ~ I - -= time the efficacy of manganese in Lecl»?ch* bat- 

•f tbe positive demcot io tbe Leclaocbi gronp, uil | teties after the leduaion of the binoude :— (i.) Aitet a pro- 
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longed closed circuit, when the air of the carbon is expelled 
and the strength of the current is least, both the two sys- 
tems disengage pure hydrogen, the defledlion being the 
same in both cases. (2.) On the contrary, at the com- 
mencemf nt of the action, that is to say under the ordinary 
conditions of telegraph work, tliere is a chara<5tcristic 
difference between the two gases : that which is evolved 
from the Leclanche element contains — 

jt volume of hydrogen 

J „ nitrogen and carbonic acid, 

but from the simple carbon element the proportion is — 

i volume of hydrogen 
i „ nitrogen and carbonic acid 

carbonated hydrogen. 



»» 



According to these data,of two-thirds of hydrogen liberated 
by the battery, the Leclanch^ element only disengages 
half as pure hydrogen whilst the simple carbon element 
gives up i volume of pure hydrogen and J volume as car- 
bonated hydrogen. Is not this equivalent to saying 
that the same proportion of hydrogen liberated by the 
battery in activity will be oxidised in the manganese cell, 
and carburetted in the simple carbon cell ? 

Definitively, the principal point which appears as the 
outcome of these observations is the necessity of giving 
to the negative eledlrodes of carbon a respiration sur- 
face into the air equal to that of absoiption, and to increase 
these surfaces in the ratio of the required potential. — Annates 
Telegraphiques, 



ON A METHOD OF 

DETERMINING THE CONDUCTIVITY OF 
LIQUIDS FOR ELECTRICITY. 

" While the eledric condudivity of metals," says 
Dr. Oberbeck in a brochure recently published, *' has been 
determined by numerous and accurate experiments, which 
have already led to the discovery of some remarkable laws 
(^.^., the agreement in condudivity for electricity and heat), 
the condudivity of liquids which are chemically decom- 
posed by the electric current has been accurately deter- 
mined only in a few cases. The reason of this lies, no 
doubt, chiefly in the greater difficulty of the problem, but 
not in any less interest attaching to the passage of elec- 
tricity through decomposable liquids. An exadl knowledge 
of the phenomenon rather promises an enrichment of our 
knowledge in various ways, inasmuch as it is likely to 
prove important, both for the theory of the elediric current 
and for a knowledge of the physical properties of liquids, 
as also in regard to the process of chemical decomposition. 
The first basis for the study of these phenomena is a com- 
prehensive determination of the conductivity of the most 
different liquids. Precisely this, however, as already in- 
dicated, is involved in a number of experimental difficulties ; 
and only recently have the defcdls in former methods been 
successfully remedied and trustworthy results afforded. 
But these results apply only to a small number of com- 
paratively good conducting liquids, and exclusively to 
solutions of acids and salts in water. Apart from the fadl 
that the data thus obtained are still far too few to warrant 
theoretical deductions, it may be observed that the liquids 
examined are of complex composition, consisting at least 
of two chemical compounds. One may, therefore, suppose 
that it would have been better to commence the investiga- 
tion with the most simple compounds ; for example, with 
pure water. ^ When, however, it comes to be inquired why 
the conductivity of water has not been adequately deter- 
mined, it will be remembered that this is very small, so 
that the methods hitherto employed could have led to no 
satisfaaory results. The same holds good, in a greater 
degree, for other liquids, as, e,g,, alcohol and ether, which 



corduCt electricity still worse than water. It was, there 
fore desired to find some new mode of detenninatkw 
which might be applicable to liquids that were bad con- 
ductors, and so serve to supplement the methods already 
known." 

Dr. Oberbeck then describes the way in which he hai 
attempted a solution of the problem. 

If the ends of the induction spiral of an ordinary in- 
duction apparatus be metallically conneded with the balls 
of a spark micrometer, then, with a determinate streogili 
of the inducing current, there will be found a paniauar 
separation of the balls, with which a continuous stream of 
sparks still passes, whereas, if the distance be sligtidy 
increased, all passage of sparks will cease. If, now, aa 
additional, or branch line, without interruption, be coo- 
neCted with the two ends of the induAion spiral, the m- 
ducedeleCtricity will have two paths open to it; and it will 
depend on the intensity of the induction current, and tlie 
resistance of the branch line, whether sparks will still past 
between the balls. If the branch line consist of metalfic 
wire of no very considerable length, the stream of sparb 
will disappear, and will not recur, though the balls an 
brought ever so close together again. If, however, it con- 
sist of badly-conduCting liquids in narrow tubes, a tligbt 
approximation of the micrometer balls Mrill suffice toreoev 
the stream of sparks. These experiments, easily repeated, 
may serve for measuring and comparing the condudiiitj 
of different liquids. 

For a determinate strength of the indncine cunest 
(always controlled with a tangent compass) the ^uui- 
length of the induction current is ascertained with tht sid 
of the spark micrometer. Then the liquid to be examiaed, 
enclosed in a long and thin glass tube, is placed in 
connection with the poles of the indu^ion apparatus, and 
the (now diminished) extent of spark is detennioed; 
(understanding by extent of spark the separation betn'cen 
the balls at which a continuous stream of sparks still 
passes, whereas a slight increase of the separation makes 
the stream disappear). If the length of the liquid colains 
be now changed, the extent of spark is also altered. Ifl 
this way is obtained a series of corresponding spark- 
lengths, and lengths of liquid. Another liquid affnds a 
similar series. To determine, next, the ratio of the con- 
ductivities of the two liquids, the two series of observatioBi 
are represented graphically, the lengths of liquid being 
taken as abscissae, and the corresponding spark-leii{t«ts 
as ordinates. Continuous curves are thus obtained, whick 
mostly approximate to parabolas in form. From tliese 
curves, again, are ascertained the lengths of those colosiBt 
of liquid which correspond to equsd extents of sparL 
Assuming that equal extents of spark (in the sense 
explained) indicate equal resistances in the branch line, 
then, with equal sections, the leneths of the liqni^ 
columns must stand in the same r^ation as the con- 
ductivities. 

This assumption forms the basis of the whole method, 
and Dr. Oberbeck seeks to show that it is justified. 

He investigated, by the method descrit>ed, the con- 
ductivity of various liquids, and communicates some of 
his results. To understand the figures, it is explained, 
that for avoidance of very small fra<5tions, the ** specific 
resistance " is given, instead of the converted value of the 
conductivity ; and this ** specific resistance " is referred to 
the resistance of a concentrated neutral solution of bloe 
vitriol taken as unity. 

It was desirable, then, first to determine the specific 
resistance of pure water. Accordingly, the aothor 
examined several specimens of distilled water bought aC 
different times ; but he obtained a series of values differ- 
ing not inconsiderably from one another; showing that 
the conductivity of water is affeded (increased) veiy 
notably by even the least impurities. In particular, wbcit 
there is prolonged contad with the glass aides, a saial 
quantity of the glass appears to pass into solation. Fnn 
the values obtained may be deduced the reaiataoce of ^at 
kind of water which has served as solvent fi»r a tcfies of 
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salts. The number for this was found to be .390. ** I 
observe, however,'* says Dr. Oberbeck, *' that with other 
kinds of water, resistances were found more than five 
times as great, so that, by repeated careful distillation, it 
would probably be possible to increase the specific resist- 
ance of the water considerably.'' In proof of the above 
assertion that small admixtures notably diminish the 
resistance of water, the following may be taken : — 
Distilled water with ^^ per cent of common salt, gave the 
resistance 54 ; the same, with ,*o per cent sal ammoniac, 
the resistance 40. Thus the condu(5livity was increatied, 
m theC rmer case, more than sevenfold, and in the latter 
nearly tenfold. A mixture of the two salt solutions in 
equal proportion gave the resistance 47, the arithmetic 
mean of the resistances of the constituents. 

The specific resistances of alcohol, ether, and sulphide 
of carbon, were also examined. That of alcohol was 
13 000, that of ether 40,000; the conduction of sulphide of 
carbon was still worse. After the specific resistances of 
alcohol and water were obtained, the question arose, in 
what way they might be lessened by additions of the 
same quantity of the same salt. Some of the resistances 
obtained give the following table : — 

Alcohol 13,000. 

AlcohoI+rVP-ct. CdBa : 1090 
-f^S *i CuCla.- 243 
+ 5 „ CuCla : 25 



Water 390. 
Water-t-^VP-ct.CdB, : 52 
•f +iV II CuCl2:30 
If + 5 II CuCla : i 



It 
II 



From this it appears — 

(i). That every salt dissolved in a liquid increases the 
condudivity, in a quantitative way peculiar to it. 

(2). That the solvent itself has still considerable 
influence on the conductivity of the solution. 

For more extended deductions in this field of research, 
further observations are necessar}'. 



THE QUEENSLAND TELEGRAPHS. 

The Report on the Condition of the EleCtric Telegraphs 
of Queensland for the year ending 13th June, 1875, shows 
that, under the adive superintendence of Mr. Cracknell, 
considerable progress has been made. At the time of 
writing the Report there were 3678 miles of line, 
4975 miles of wire, 97 stations, and 210 officers. At the 
corresponding period of 1874 there were only 3203 miles 
of line, 3931 miles of wire, 74 stations, and 181 officers. 
The subjoined table shows the yearly progress since the 
opening of the line : — 



Meteorological and shipping reports have been for- 
warded free of charge; but as the shipping telegrams 
seem only to benefit ship-owners and agents, Mr, Crack- 
nell recommends that they should in future be placed on 
the same footing as ordinary business, and charged for at 
current rates. 

The several lines in Queensland have worked well 
during the year. North of Rockhampton communication 
was, however, suspended for some days in February and 
March this year, during the prevalence of a cyclone. The 
line was seriously injured at Alligator Creek, near Yaamba, 
where the water rose 60 feet above its ordinary level, 
and submerged the wires. 

During 1874 the cash collections of the Department, 
at all its branches, amounted to ;£'2i,396 6s. 6d. ; value 
of messages transmitted on Her Majesty's Service, 
£7039 19s. lod.; total revenue for the year, ;f 28,436 63. 4d. 
The expenditure was, for salaries, ;f 23,272 os. 3d. ; con- 
tingencies, /"i 1,796 i6s. lod. ; refundments to other 
colonies, ;^033 is. 4d.; total, £37,101 i8s. 5d. — 
showing that the expenditure exceeded the revenue by 

£8665 I2S. id. 

Out of 88 stations, the revenue exceeded the expendi- 
ture at 10 only : these are — Brisbane, Rockhampton, 
Townsville, Maryborough, Toowoomba, Mackay, Stan- 
thorpe, Ravenswood, Millchester, and Charters Towers. 

In 1873 the tariff of is. per ten words, exclusive of 
address and signature, with id. for every additional word, 
was adopted ; the intercolonial rates were also lowered ; 
and to this cause Mr. Cracknell attributes the unsatisfac- 
tory condition of the financial department. He considers 
that the adoption of a low uniform tariff on the long lines 
of the colony is premature; It is, however, a question 
whether or not the adtual money loss is compensated by 
the collateral advantages derived from the Service. 

The International business dealt with by Queensland 
Stations is very small, owing to the high tariff, no reduc- 
tion having been made in the rates since the line was 
opened. Only 395 messages were transmitted and re- 
ceived during 1874, being an increase of 55 on the 
previous year. 

Regulations for the examinations of candidates were 
issued in June, 1874. Eight examinations have since 
been held, at which forty-four candidates presented them- 
selves : of these twenty-five passed, twenty of whom 
have received appointments, and five are in the learner's 
room. There are twelve junior operators in the Depart- 
ment, receiving salary at the rate of £100 per annum, 
who will be entitled to an increase of £20 per annum 
when they pass the examination. 
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The cost of constniding the new lines has been some- 

>fliat greater than in former years, which Mr. Cracknell 

%ltribates to the enhanced price of material, scarcity of 

Suitable labour, dea'mess of provisions, and also to the 

liiirospefoas state of the Colony. 



We learn from the Report that Wheatstone's automatic 
instruments, arranged for the duplex principle, have been 
introduced by the New South Wales Department, for the 
purpose of increasing the capacity of their Intercolonial 
lines. 
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SOLAR TELEGRAPHY. 

It is a matter of common observation that the rays of 
the sun are brilliantly remedied to enormous distances 
from glass buildiings or from polished surfaces. Take, 
for instance, the Crystal Palace as a familiar illustration ; 
the sun*s rays, falling upon the ridged roof at a suitable 
angle, arc refleded many miles away and are clearly 
visible even when the building is only dimly discernible 
through miles of intervening smoky atmosphere. Con- 
sidering this, it might appear somewhat remarkable that 
advantage has not been taken of the circumstance to 
found a system of telegraphy thereon. Not that such a 
system could always be relied upon for use in this and 
other climates where sunlight is capricious. But in 
countries where sunshine is not so fitful such a system 
would serve the most useful purposes. As a matter of 
fafl, the rays of the sun have been utilised for signalling 
purposes at intervals for centuries past. The fleet of 
Alexander the Great is said to have been guided along 
the Persian Gulf by mirrors on his return from invading 
India. On the North American prairies, too, the Indians 
still carry on signalling by means of sun flashes, and a 
similar method was adopted by the Russians at the 
siege of Sebastopol. But the principle appears never 
to have been reduced to a system ; arbitrary signs have 
been and still are used ; and no attempt seems to have 
been hitherto made to work out a perfe<5l code of signals 
and to devise an instrument or apparatus which shall 
represent them. 

Sun-flashing has, however, been of essential service in 
our Ordnance Survey, although even there it was only 
made to convey very limited information — to signal only, 
in fadt, and not to converse. Towards the close of the 
last century General Roy was engaged in conne«5ling the 
meridians of Paris and Greenwich, and he employed sun- 
flashing in his operations. Later on, in the early years 
of our Trigonometrical Survey, Bengal lights or Argand 
lamps were burned at night on the distant points the 
bearings of which it was desired to take. But this gave 
a very limited range and involved other pradlical diffi- 
culties, which led to the invention by Captain Drummond, 
R.E., of the light which bears his nanic. This enabled 
ranges of from 30 to 40 miles to be obtained, but even 
these distances were soon exceeded when, in 1822, 
Colonel Colby, R.E., who was then in charge of the 
survey, designed an apparatus for signalling by flashing 
the sun's rays, which proved very successful. Sub- 
sequently Captain Drummond improved upon Colonel 
Colby's instrument by the invention known as the helio- 
Riat, which was an instrument consisting of an adjustable 
mirror as a refledtor, worked in connedtion with a com- 
bination of telescopes. This apparatus, at first somewhat 
complex, was afterwards greatly simplified. Professor 
Gauss, who was at this time conducing the survey at 
Hanover, also introduced a similar instrument, which 
proved of great service in facilitating the work. The 
hcliostat is now a recognised adjundlof all trigonometrical 
surveys, and by its aid triangles having sides over 100 
miles in length have been formed even in Great Britain — 
notably that formed by Sea Fell in Cumberland, Slieve 
Donard in Ireland, and Snowdon in Wales, the sides of 
which are respedlively iii, 108, and 102 miles in length. 

But the heliostat does no more than permit of an arbi- 
trary set of signals being exchanrreJ ; it does not allow a 
conversation to be carried on. To bring the beams of the 
fun into subjedlion in this respedl and to utilise them as a 
ms:«ns of freely interchanging ideas was left for Mr. 
Henry C. Mance, of the Government Persian Gulf Tele- 
graph Department, to accomplish.* This he has suc- 
ceeded in effeding by means of a very simple apparatus 
which is known as the Mance Heliograph, or sun-tele- 
gragh, the construdlion of which we have lately had an 
opportunity of examining at the chambers of Mr. S. 

♦ See letter in Thi Electrical News, vol. i., p. 69. 



Goode, 5, Gray's-inn Square, that gentleman representing 
Mr. Mance in this country. The heliograph consists ii 
the first place of a light tripod stand about 4ft. long when 
folded up for transport. On this tripod is screwed a cir- 
cular mirror, varying in d'ameter according to the purpose 
for which the instrument is designed ; that is whether far 
field or fixed observations. If for the former purpose tbe 
mirror is about 4in. in diameter ; while if for the Utter it 
is about 9 inches. The mirror is hung in a frame to a 
to revolve about a horizontal axi^, and it is adjusted to 
the required angle of incidence with the sun by means of 
a telescopic connedling rod having a screw adjostment, 
the top end being attached to the upper edge of tbe 
mirror at the back. The horizontal circular traverse of 
the instrument is obtained by means of a tangent icrev 
gearing into a small horizontal worm-wheel, with the 
centre of which the mirror is connedted. JBy meaoi of 
the tangent screw and the vertical screwed rod, the nji 
of the sun can be made to fall upon any given point wtth 
the utmost precision. The vertical rod behind tbe minar 
is pivoted at the bottom to a lever, the fulcrum of whichis 
on the horizontal worm-wheel, the lever constantly {ires' 
sing against the lower end of the rod by means of a 
spring which is placed under it. It will thus be seen tktf 
when the rod is depressed it will depress the top edge of 
the mirror and draw it slightly backwards, thebottta 
edge being at the same time slightly raised and thioii 
forwards. In adjusting the instrument to commence b«- 
nailing, the rays are diredled to a point slightly heloirtk 
distant observer's level, But upon depressing the coooeft- 
ing rod — for which purpose there is a small fisger-fiece 
attached to it — the flash is raised to the level of tie 
observer, and he sees it. If now the lengths of thne 
flashes be varied and grouped, they can be made torepre* 
sent letters, and so words composing messages can k 
spelt out. This is precisely what Mr. Manoe ba 
done, and by adopting the Morse system of dasbeiasi 
dots he is able on a fine day to make himself understood 
by an observer many miles off, as easily as one elediic 
telegraph operator makes himself intelligible to another. 

In adjusting the instrument for use, a light woodeBioi 
having two brass sliding sights upon it, is emplofei 
This is set up in the ground in front of the iostniiKBt, 
and the operator looks through a small space in the centre 
of the mirror, from which the quicksilver has been re- 
moved, towards the station with which he desires to ccfia- 
municate. The upper sight on the rod is then mond 
vertically until the centre of the mirror, the sight, andtbe 
distant station are truly aligned. Hence when the fluk 
from the mirror is diredlcd on to the sight it is in tneliae 
with the distant station, and can be seen by the obxris 
there. This will, of course, be whenever tbe angle of 
the mirror is raised; when depressed, or initsnoiail 
position, the flash rests upon a cross piece on the loi 
and, according as the sun's horizontal and vertical notioBi 
cause the flash to deviate from the true line, the signaDff 
is able to see and to corredl the error by means of tk 
adjustments on the instrument. The observer at tbe A- 
tant station having seen the bright star-like appearasedk 
sets his ipstrument to the point at w^hich they appear, aii 
acknowledges the fadl, and the parties being thus placd 
in communication, the interchange of messages pncBtk 
upon the system we have mentioned — namely, the Mot* 
alphabet. 

There are other details to which it is not neccssaiyH 
refer here further than to obser\'e that they consiit ii 
arrangements for signalling with the sun behind the aifs- 
ratus by means of a refleaor ; for signalling at ni(!ht,ari 
for signalling either from fixed or variable positiont. fc 
is, however, an important fadtthat the apparatus haiks 
in use for some time in India, where its working bat te* 
attended with every success, the range of the signals bei| 
very great and their intelligibility absolute. Official fCPfl* 
are very explicit in both these respedU, and fully eMW 
the capabilities of the beli(Mrraph. They state that ite # 
nals given are perfedUy clear and ff^fiffeflmy, lotftf^ 
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they can be easily read in ordinary weather without tele- 
■copes up to 50 milei. Captain Collette, D.A.Q.M.G., 
certifies that under Tavuurable conditions meuages can be 
•ignallciuptiaoorevcn too miles without recouise being 
had to telescopes. The heliograph has the re com men da - 
tioDB of economy in first cost and poitabilily, 3S it weighs 
complete about 5 lbs., and packs up into a very small 
com pa IS. 

SubsequBiitly to examining into the conslniaion o( the 
heliograph we were afforded an opportunity of witnessing 
its prafiical working by Mr. Goode. Taking advantage of 
the sunshine on Monday, Sept. 27, Mr. Goode stationed 
himself on the dome of St. Paul's, having previously 
despatched an deftric telegraph operator to the Crystal 
Palace, where he stationed himself with a heliograph in 
the gallery of the North Tower. Mr. Goode had a tele- 
Braphie operator with him, and there was also present Mr. 
Sanders, of the Eastern Telegraph Company, who ate 
ananging for the application of the system from Gibraltar 
across the Straits to Ceula, in Morocco, thus bringing that 
country into telegraphic communication with Europe. 
The weather was not very propitious, the sky being at 
limes overcast, while during the operations a heavy storm 
. cloud was obsrrved to drift over Sydenham. The two 
operator!, moreover, had not previously seen the appara- 
tus and made no arrangement previously to setting to 
work as to their course of procedure. Nevertheless, the 
instruments were duty sighted, and a series of brilliant 
flashes of light from the Palace tower indicated that thoce 
from St. Paul's had been seen. Signals in long and short 
flashes were freely interchanged as the intervals of sun- 
shine permitted, but for reasons stated conversation was 
not entered upon. In other words, the operators signalled 
rapidly and readily, but they did not talk, as they might 
bave done by preconcerted arrangement. SufRcienC, how- 
ever, was eflei^ed to demonstrate that, given an unclouded 
tnn, the heliograph is a very efficient telegraphic instru- 

The uies to which the heliograph miy be applied are 
very numerous, although it is not pretended that they are 
numberless. In military operations especially it would 
prove invaluable: if, for instance, the system had been 
in use by the French army during the siege of Metz, 
Uarshal Bazaine could have communicated with the 
forces which were operating fur his relief without 
hindrance, and in all probability France would not h.ive 
experienced the disaster of Sedan. Looking at our Indian 
possessions, should another mutiny occur there, lines of 
tdegraph wires would, of course, be cut and railways 
daiUoyed. At such a junflure the heliograph would prove 
invaluable, by maintaining communication between dis-. 
tani points. By its means, too, a detached force operating 
in hill distri^s could be connected with the main body of 
tioopi, or two forces like Wolseley's and Glover's in the 
late Ashantee war could be thus united and enabled to 
Operate in concert. For reconnoitring, flanking, and 
TCconnaissance parties, also, it would prove highly advan- 
tageous-, it would not matter, so far as the operations 
irere concerned, if a reconnaissance parly were captured, 
because, unless surprised, they would have previously. 
flashed iheir information back to the main army. It is not 
. intended that the heliograph should supersede Hag signal. 
ling, although in many cases it might he used with advan- 
tage in Che place of flags, which are invisible at long 
ranges unless they can be displayed on the horizon. In 
ta&t just at ihe point where flags fail the heliograph 
becomes useful. 

The applications of the heliograph to civil purposes arc 

not less numerous than those to military use. It would 

serve as a substitute for wires in countries where the 

elcfiric telegraph would not pay, and where trunk lines 

existed they could be fed by the heliograph, which would 

. tiUSt communication with the outlying distriO*. It could 

be used for temporary purposes on special occasions Inland, 

i irtiile there are countries on the coasts of which It might 

I bn SPbstitntcd for cxp«niive Bubmarine cablet. In the | 



event, too, of short submarine cables failing, as they often 
do, it could be used for maintaining communication, pro- 
vided the weather permitted. In short, the heliograph 
would appear I o be an admirable adjundt to the eleflric 
telegraph in all countries, while in some it would super- 
sede it with advantage, it is, as we have previously 
observed, already in use in India, and we ace informed 
that our own Government, as well as several foreign 
Powers, are investigating its merits with a view to its 
adoption.— r/ie Times. 



CORRESPONDENCE. 



A Monsieur li Rcdacicur dit " The Electrical News." 
MoMsiEUB, — Je profile de la circonsiance pour vous dire 
que M. E, Girouaril dans I'article qu'il vous a envoy£ a 
comrais une erreur hislorique. U y a fris de vingt ant 
que j'ai publii Us experiences dont il farli, et ces expi- 
riences ont mime setvi de base a toute ma tlieorie de la 
CondensalioH Mngniliqiie que j'ai dcveloppee d'abord dans 
mon '■ Elude du Magtielisme," publiee en 1F58, et unedans 
foule d'autres travaux que j'ai publics depuis sur I'ele^ro- 
magnetisme ; ce qui est curieux c'est que M. Girouard a 

condinsalioH, pour designer I'accroissement de force qui 
rfsulte de I'ad.on de la masse de fer (en dehors de la 
bobine) sur le pule qui ne la depasse pas et qui produit 
I'attraAion. D'un autre c6t£ je dfmonlrais comme lui 
que grace i cct elTet de condensation, on pent rendre les 
eleflio-aimants droits prcsqn' aussi inergiques que des 
eledtro-aimants a deux branches. 

Quant a I'experience en elle-meme, e!le n'est au fond 
qu'une r^p^titinn d'une ancienr.e experience de Des- 
cartes qu'il decrit ainsi dans sa philosophie ; " La force 
que possWe un aimant pour soutenir le fer peut diverse- 
par un morreaii ilc fer, selon qu'il lui est diveisement 
applique. . . . Vnt lame de fer qui, elanl affliqHte 
lontrc fua da fdies de Vaiauiat lui serl d'armnre et nag- 
mente de bcaucoup la force qu'il a pour soHletlir d'auire 
ftr,empeche eelle qu'a le mime aimant pour attirer ou Poitr 
faire toumer vers soi let aiguilles qui sout proches de ce 
pole. . . " 

M. Nickles quelque temps avant moi avail signal^ le 
m6me effel, sans se douler qu'il ne faisait que repeter une 
experience de Descartes. 11 donnait d'aiileuis de ces 
effets une th^otie tout a fait en dehors de la micnne. 

Si je vous envoie cette note reaiiicative c'est que 
depuis quelque lemps, plusieurs physiciens revienncnt a 

emise ; el lis en font la base de leurs decouvertes sans 
mentionncr le nom de celui qui s'en est occupe le premier. 
En consequence je vous serai obligi de publier cette 
petite note. 



Th. 1 
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[I shall be glad if you will alloiv me to point out 
that M. E. Girouard in his article in your last issue en- 
tilled " New Experiments in El earo- Magnetism " has 
fallen into an historical error. Ii is now nearly M years 
since I published the experiments of whiiih he speaks; 
and these experimenls have even served as the basis of 
my theory on Magmtic Condensation which 1 first de- 
veloped in my " Etude du Magnelisme," published in 1838 
and afterwards in a host of other works on eledlro-mag- 
netism. Very curiously M. Girouard makes use of the 
same word that I have employed, namely, condinsalio«,\a 
designate the growth of force which results from the 
adion of the mass of ir— '——■'■■— • ■" •"" t-^n.,! 



extending beyond the bobbin) 
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Commefcial Notis. 



upon the aWraaing pole flush with the bobbin. Oo the 
other hand, I showed tike him that, thanka lo thii conden- 
Bing effea, slraighl dcflro- magnets could be made po»- 
Cssing almost as much energy as horse-shoe magnets. 

Aa to the experiment Lt«lf it is in the main simply a 
Tepetiiion of an old one of Descartes, which he thus de- 
icribes in his " Philosophy" ;— " The force which a magnet 
possesses to enable it to sustain iron may be variously 
ittcrtaied or dimiaishtd by another magnet, or by a piece 
of iton, according as it is diflerently applied, . . . An 
iron plate applied ta oat a/ the magnet's poles serves as an 
armature, and mueh increases its sustaining foi 
it impides the force which the same magnet has ta aur 
or lo turn towards itself needles near this pole , . 
M. Nicklea some time before me remarked the sa 
effefl, without suspeifling that he was merely repeat 
one of Descartes's experiments. He, moreover, based U) 
these effeas a theory in all respefls dissimilar to mine, 
Imaymontionlhalfor some time past several physic 
have reverted lo my theory afier having found fault v 
it when first promulgated ; and they have made it 
basis of their discoveries without mentioning my nami 
the one who first occupied himself with the subjefl. I 
■hall therefore be obliged to you if you will pubhsh this 
little note.] 



ahilst 



COMMERCIAL NOTES. 

Thb manager of the DireflUniled States Cable Company, 
Lim., has announced that the Company's Ireland Nova 
Scotia Cable has been interrupted near Newfoundland in 
shallow water. A repairing steamer will leave England 
effea the ncceisary repairs. 
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telegraph raiea, the Observer of the i5ih insl. 
leturnsotthe Anglo-American Company sinci 
tion of the shilling tariff have abundantly pi 
theory that the reduaion in price will lead to 

ing increase in messages, is a fallacy. Sit Jan,„ .... 

in his interesting volume on "Telegraph Slalislics," > 
always maintained the contrary principle, and thefaashi 
thus far fully justified his conclusions, It is not surprising 
that under these circumslancus the shareholders of the 
two companies have impressed on their boardi 
desirability of coming to an agreement without Ic 
time. Every day implies the loss of £1000, for whit 
public will doubtless have to pay in the future, i 
shape of higher rates than before the commencemi 
competition. We remember when the fare to Manchester 
and back was— owing to a temporary contest between the 
great railway companies — only five shillings. This 
was, however, not enjoyed beyond a few months, am 
[are has ever since approached the maximum allowed by 
Parliament. All experience has, ii. TaA, demonstrated 
that commercial undertakings cannot be carried On for 
any length of lime witho'it a sole regard to the interests 
of the shareholders, and that such pretensions aa that of 
destroying a monopoly, and giving the public the benefit 
of cheap .telegraphy, are simply clap-lrap put forth for 
interested purposes. The cable service between this 
country and America is so admirably performed (hat it 
lakes less time to receive an answer to a message from 
New York than from Paris. Yet three of the five cables 
»aually working are fully sufficient for the traffic. It can 
therefore suit the interests of no body except the coD- 
traAors, to lay down any more cables on the bed of the 
Atlantic; but, at the same time, the Direa United Slates 
Company must feel that as long as it owns one cable 
only, it is not in a sound position. It has therefore been 
luggesled that the two companies should treat on t~ 
baaia of an agreed proportion of traffic accruing to ea 
company, whether their cahtei are in working order OT 
not, and that a joint repairing and renewal fund should be 
Ktaaidefor keeping the cablet of both ~~~ 



FRcient condition. The various conventions of the Anglo 

lompany secure to it a monopoly of the entire Con- 

.nenlal tralhc, and of all messages not specially dirtdtd 

.3 go by another route in England. It will tberefm 

always obtain the bulk of the traffic, and these valnabk 

Ivileges justify in some meaanre the addition to tin 

iginal capital in the shape of bonus sharei. Berore tke 

luaions of the tariff the normal income of the Asjla 

Company was about ^£700,000, and this amount, alw 

deduaing f 250,000 annually for working expentea iM 

reserves and repairs, is (ufficient to pay dividends at tbt 

rate of about 5 j per cent, on the capita] of the two cob- 

panies. With six cables and a praAical monopoly— vhith 

the public cannot wish to be interfered with ai btigit 

the tariffs are not unreasonably high — such dividends wogll 

render the shares of both undertakings a very dennklc 

investment." In an article on the same BubjefitheDsi^ 

Telegraph of the 2gthinsl.aaya :" The Dired Company bl 

no right to expea immunity from the risks attendhig at- 

marine enterprise, and we imagine the most sanfiiN 

shareholder must now regret that the occasion oflercd br 

a working agreement with the rival tine within the but 

few days was not promptly seiicd. The chance hubea 

lost, and the Anglo-American Board is left io posscnoi 

of the field, with full licence to tax the public 10 tlw Uf 

of their bent. With traffic receipts of little more ihii 

^5000 a week, it was not likely so tempting an offa- 

tunity would be left unimproved, and accordiogtr it 

learn, without the least surprise, that the company wiD* 

ice raise the tariff to what may be termed a pipf 

>int — that is, apparently, sufficient to yield the nudcS 

Lvidend of 4 per cent or thereabouts, which seemmsira 

institute the highest aim of Atlantic «harcboUia| 

The Board of the Anglo-American Telegraph Coapuj 
have resolved 10 pay an interim dividend of I pirct^ 
payable on November I, for the quarter endingibiidiT. 
The traffic receipts of the Company for the ijnl,«m 
£980; for the 24th, ;f 880; for the asth, ^Sio;lwlk 
z6th, ^£220 ; for the 27th, ;£'700 ; for the iStB, jCiOfp. 

At a meeting of Hooper's Telegraph Woiis CnapiiT, 

held on Thursday last, the liabilities of the Compim'TiR 

to be ;£'38o,o69, and the debit balance ^7],4XJ.ui 

-'- in hand £5^- A committee of inspo&iaii , cm- 

<f five shareholders, was appointed, ind ik 

1! ,^ j-pj. ^ [ortnighl. 
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PATENTS. 



APPLICATIONS FOR LETTERS PATENT. 

3293. George James Symons, of Camden Square, 
Middlesex, for an invention of ** Improvements in mag- 
netic compasses." — Dated September 20, 1875. 

NOTICES TO PROCEED. 

990. Benjamin Theophilus Moore, civil engineer, of 
Elm Lodge, Spring Grove, Isleworth, Middlesex, has 
given notice in resped of the invention of ** Determining 
the diredion or magnetic bearing of deep sea or other 
currents." 

PATENTS WHICH HAVE BECOME VOID. 
By reason of the Non-payment of the additional 
Stamp Duty of £50, before the Expiration 
OF the Third Year from the Date of such 
Patents. 

2702. George Augustus Alexander Cunningham, and 
Thomas Philip Christopher Cunningham, elcdlricians, of 
Liverpool, Lancaster, for an invention of ** Improvements 
in eledro-magnetic motors.'* — Dated September 12, 1872. 

2739. William Morgan-Brown, of the firm of Brandon 
and Morgan-Brown, engineers and patent-agents, of 38, 
Southampton Buildings, London, and 13, Rue Gaillon, 
Paris, for an invention of *' Improvements in telegraph 
apparatus.*' — A communication to him from abroad by 
James Rowe, of Paterson, New Jersey, U.S.A. — Dated 
September 14, 1872. 

ABSTRACTS OF SPECIFICATIONS. 

Improvements in the construction of electric light appa- 
ratus, Peter Jensen, of Chancery Lane, London. (A 
communication from Stanislas Vikentievitch Konn, of 
St. Petersburg, Russia.) March 16," 1875. — No. 970. A 
closed glass cylinder from which the air is pumped. 
Several carbon sticks of unequal length. A circular shield 
inside the lower part of the glass cylinder. Two copper 
condudors covered with glass are connedled to the posi- 
tive, the other to the negative pole. 

Improvements in apparatus for transmitting musical 
vibrations or signals by means of electricity, John Henry 
Johnson, gentleman, of 47, Lincoln's Inn Fields, Middle- 
sex. (A communication from Eltsha Gray, of Chicago, 
county of Cook, Illinois, U.S.A.) March 16, 1875. — 
No. 974. This invention relates to apparatus for transmit- 
ting musical vibrations by means of eledtricity from a 
distance, which apparatus is known as the telephone, and 
the invention consists in the method of and apparatus for 
transmitting and receiving simultaneously or otherwise, 
on a single circuit, two or more musical tones of different 
pitch, ft also consists in the combination of apparatus 
operating in the above-named manner with a series of 
Morse sounders or printing telegraph apparatus, each 
operated in its own local circuit, whereby it is rendered 
possible to transmit two or more messages simultaneously 
on a single main circuit. 

PATENTS GRANTED IN FOREIGN STATES. 

Belgium. 
37,802. Sir C. Wheatstone, for an imported invention of 
** Improvements in the mode of and apparatus for applying 
eleAricity to give telegraphic signals.*' — Dated Sept. 3, 
^875. — (English patent, August 5, 1875.) 

United States. 

165,570. Circuits for Electric Signals. Thomas S. Hall 

and Geo. H. Snow, West Meriden, Conn. Filed June 23, 

X875. — Designed more particularly for railroad signals, 

the purpose being that whenever the circuit is closed the 

enrrent shall be compelled to traverse the same distance, 

and the resistance shall thus always be the same. The 

combination, with a series of keys or circuit closers, C D, 

of a battery and two line wires, A B, one pole of the bat- 



tery and one end of the line wire B being grounded, 
while the other pole of the battery connects with the line 
wire A, all construdled and operating substantially in the 
manner herein shown and described. 

165,578. Pocket Telegraph Relays, E. A. Hill, Chicago, 
111., and H. J. Schneider, Philadelphia, Pa., assignors to 
E. A. Hill, Chicago, 111. Filed June i8, 1875.— i. The 
combination of the magnets C, piece E, for securing the 
magnets, and making a trunnion support for the key, the 
stop plate N, and the key G, as specified. 2. The com- 
bination of the magnets C, stop plate N, sounder 
lever F, spring H, and inclined thumb-piece spindle I, as 
specified. 

165,591. Non-Interfering Fire-Alarm Telegraphs, Jos. 
W. Kates, Richmond, Va. Filed April 28, 1875. — To 
prevent operating instrument from locking itself, a rack 
bar — carried by a pinion on a shaft of the clock me- 
chanism—comes into the path of the locking stop. 

1. The herein-described method of preventing interference 
of signals by connecting the instruments at the various 
signal stations by a second and independent eledtric cir- 
cuit, which is opened or closed automatically, and ope- 
rates the armature of an eledlro-magnet carrying a stop 
for the purpose of locking the clock mechanism to 
prevent the interference of signals, substantially as 
described. 2. The herein-described method of automati- 
cally operating the armature provided with a stop for the 
clock gearing by a non-condudling tape disposed and 
operated upon the same drums with the signal tapes, and 
having perforations at its extremity only, whereby the 
secondary circuit is closed when the instrument is not in 
operation, and is broken while the instrument is in ope- 
ration, substantially as described. 3. The stop R, having 
the shoulder / in combination with the rack bar g, 
spring {, and pinion A, substantially as and for the pur- 
pose described. 

165,602. Circuits for Electric Alarms, George C. May- 
nard, Washington, D.C. Filed April 24, 1875. — For use 
with show windows, cases, &c., the breaking of the glass 
breaking the circuit controlling an alarm. i. The com- 
bination, with a supporting base or plate of glass, in any 
desired form, of a metallic medium, applied thereto in 
the shape of letters, numerals, pidures, or ornamental 
work or device, and forming an eledric circuit, or part of a 
circuit, adapted to be interrupted upon the breaking or 
cutting of the glass, substantially as and for the purposes 
set forth. 2. An elcdric condudting sign formed of a 
conducting medium or pigment applied for an insulating 
base, substantially as set forth. 3. A sheet of glass of 
any desired form, provided with an eledtric condudor, 
arranged in the form of letters, numerals, pidures, or 
other ornamental work or design, substantially as set 
forth. 

165,620. Automatic Electric Telegraphs, Wm. E. 
Sawyer, Washington, D.C. Filed February 2, 1875. — 
Polarised relay adjusted to rapid work, and restored to 
normal condition by adjustable permanent magnet O. 
Throws into line currents, battery, and secondary of op- 
posite polarities. i. In a polarised needle telegraph 
relay, the combination of a polarised needle and a pro- 
jecting contadt-piece operating with a needle, with a 
sliding bar magnet to ad upon the polarised needle in the 
place of a spring, substantially as shown and described. 

2. The combination of a line, transmitting battery and 
metallic contadt-point, brush or roller therefor, with a 
magneto-eledtric or indudion-coil apparatus, which throws 
into the line a current of one polarity and metallic 
contadt-point, brush or roller therefor, substantially as 
shown and described. 3. The combination in an auto- 
matic or chemical telegraph, with a transmitting apparatus, 
of a galvanic battery, so arranged that galvanic currents 
of one polarity will be thrown into the line, and a magneto- 
eledric or indudiion apparatus so arranged as to throw 
into the line induced currents of opposite polarity to the 
galvanic battery currents, as and for the purpoges spe- 

eifiedt 
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165,700. Electric Boiler-Alanas and RegisUii. William 
C. Baker, New Yoik, N.Y. Filed June 23, 1875.— Circuit 
closed by high or low pressure through magnets, control- 
ling a dial and slep-by-slep escai>eDient, thus registering 
how often the rules as to maximum and minimum o( 
pressure have been violated. An intermediate magnet in 
same circuit closes branch circuit to self-afiing magnetic 
bell. I. The combination, with a low water or pressure 
alarm and an elei^ric circuit- closing apparatus, of an 
eleiilro-magnet, step-by-step movement, and dial, to indi- 
cate the number of times the boiler has been neglefled, 
EubEtautially as set forth. 2. The combination, with a 
boiler-alarm and electric clrcuils subetantially as specified, 
□f 6-branch, circuit, eleflro- magnet alaim-belt, and auto- 
matic c I icu it- breaker, operated by the hammer, substan- 
tially as and for the purposes set forth. 

165,728. Trmumitttn for EUctro-Harmonic Ttligrnphs. 
Elisha Gray, Chicago, 111. Filed June iS, 1875,— For ee- 
curing greater uniformity of action of the magnets upon a | 
steel reed vibrating to produce a certain note, and to 
transmit upon the line eledirical impulses corresponding 
to the number of vibrations necessary to produce such 
note. I. The combination, substanlially as hereinbefore 
set forth, of the vibrating eleflrotome and magnets ar- 
ranged on oppoEite sides thereof, of such relative capacity 
as to impart Impulses of equal force at equal intervals 
upon each side of the vibrating eledtrolome alternately, 
whereby its isochronous vibration Is secured. 2. The 
combination, substantially as hereinbefore set forth, of 
the vibrating reed, its counterpoise magnets, a local cir- 
cuit, and the shunt-wire, wheieby the current is auto- 
matically charged, to each set of magnets, 

165,918. Signat-Boxes for Firc-Alann Telegraphs. 
Moses G. Crane, Newton, Mais. Filed July g, 1875.— 
Boxes in normally closed ciicuit. On the breaking of the 
circuit the armature levers are withdrawn by a eptlng. 
On taking against the finger;, closes a short circuit outside 
of magnet and circuit- breaking wheel, thus preventing a 
signal being given by any except the box first operated. 
In such box the mechanism is released by raising a lever 
having a lug in recess of the wheel, a tooth taking against 
a lever and locking it, to prevent the formation of the 
short circuit in each box. i. In a fire-atarm signal-box 
the lever G, with its lug V and hook t, the flange p and 
its notches V, the lever b, insulated plate c, and magnet 

D, all combined and operating as and for the purpose 
specified. 2. The combination of the lever H, the lever 
G, and the wheel F, whereby the said wheel is liberated 
and allowed 10 revolve under the stress of the motor C, 
B> and for the purpose specified. 

163,923. Telegraphic Fire-Alarm Ripcalers. John N, 
GameweU, Hackensack, N.J., M. G. Crane, Newion, and 

E. Rogers, Boston, Mass. Filed July 9, 1875.— r. The 
combination, with a break-circuit wheel of a telegraph 
repeater, upon which the lines of two or more circuits 
converge, of a governor, whereby, when a signal is being 
given over any one of the circuits, and repeated over the 
other circuits, the armatures of the magnets in such other 
circuits are locked in position, thereby preventing interfe- 
rence between the several circuits, as and for the purpose 
specified. 2. The auxitiaiy escapement movement, in 
combination with the governor J and the break-circuit 
wheel, whereby the reverse movement of the governor is 
not permitted to take place during several successive re- 
volutions of the said wheel, as and for the purpose speci- 
fied. 3. The auxiliary escapement movement, the 
circuit-wheel and its shaft, and the lever S5, combined 
and operating as described, whereby, after the winding up 
of the escapement by the revolution of the circuit-wheel 
shaft, the reverse motion of the said lever is prolonged 
and graduated, as specilied. 4. The combination, in an 
eledro-telep-aphic repeater, of two eleiflro- magnets in the 
same circuit, one of which has a larger core than the 
other, whereby there results an appreciable difference in 
the petioda requited for them to be charged and dis- 
charged, tespefiively, as and fot the purpose specified. 
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5. The device described, whereby the breaking of any om 
ut several circuits connedled with the repeater for tbc 
purpose of signalling occasiuns the break-circuit wbeel ID 
be cut out from that circuit by closing the same oiM 
auxiliary fingers x x', all combined and operating ai uil 
for the purpose specified. 6. The auxiliary magnets F F, 
ivlth their armatures and hooked lever M, in combinaliDi 
ivith the armatuie lever H and swinging lever n, u isd 
lor the purpose specified. 7. The cornbination cf Ik 
twinging lever D with its two stop pins, and the ana f, 
with its two fingers ss' upon the breajc-citcuit wheel tlutt, 
as and for the puijose specified. 8. The corablaaiira d 
the cam 28, levers zi and 15, and sliding bar i3, ai lai 
for the purpose specified. 9. The combination of llie 
gjDvernor J, bar iS, lever 25, and latch 37, at and far tie 
jiurpose specified, id. The lever I, with its short ttm lo, 
ihe armature lever H, and lever D, and the govemci J, 
combined and operating as and for the purpose spaificJ. 
II, The auxiliary escapement yy', with its train 31 ji.ii 
an eleftro-telegraph repeater, employed to gradoaic tlic 
oiovement of the mechinism by which said train liadi- 
ated relatively to the movenient of another tcleji^ibic 
lepeating mechanism. 

166,012. Galvanic Batteries. J. Kidder, New Ycf^ 
N.Y. Filed April 24, 1875.— i. A cell-casing for gilirae 
batteries having inieiiorceil forming partition walls, bi^ 
It less height than outer walls, for enabling rapid £lb( 
and emptying of cells, substantially as and for the ^. 
pose specified. 2. A cell-casing for galvanic billeiia 
provided with outer walls of greater height thao tbt is- 
lerior partition walls, and having a supply resen^twitt 
flanged gutter and spout for the more rapid imptiiif 
and filling of the cells with the fluid, substantiallr u nJ 
Tor the purpose set forth. 3. The subdivided gnide-bMc 
seated m main cell-case, and conneAed with veilicill; 
moving element carrying top plate, u sbowe al 
described, thus admitting of the lateral temeval rf cdb 
and insuring the insertion of each clement iniufnpt 
cell when depressed, substantially as set lc«b. 4- ^^ 
diagonal pivoted straps £ E, to command the paiaUdiB- 
merslon of the elements into the solution of tbe cA 
substantially as and for the purpose specified. 

166,095. Eteclric TeUgraphi for Trantmilti»t Htmd 
Tones. Elisha Gray, Chicago, ill. Filed Jaswajr 4> 
1B75.— Depends primarily on f aft that the cote of >W|- 
net expands and conira^s, causing vibrations u it it 
made and unmade. Currents corresponding In nimbttH 
the vibrations necessary to produce any particular Mt 
are transmitted, causing corresponding vibratiou ii cm 
of magnet, which are transferred to « soanding-baplM' 
in the magnet. The combination of a telegr^iluc tin«t 
a series of circuit-hreakers capable of produoDg HNid 
tones of different pitch, a series of keys for simnUiMw'T 
or successively throwing said circuit-bieakeis into MM 
of operation, and an eledro-magnet receiver, wtitt' 
thrown Into operation by the transmitters, wberdiflMS 
of different pitch may be reproduced at the receivov^ 
of the line by the employment of a single circuit. 
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Since the day when Elecflricity was first disco- 
vered, until now, its vast importance and its 
high destinies have grown upon the human 
mind. Fresh phases of its power, fresh results, 
new means of obtaining and governing its 
adtion, and multiplied ends to which it may be 
turned, have constantly discovered them- 
selves ; till to-day it stands out as one of the 
grandest subjetfls presented to the scientific and 
practical world for investigation and research. 
Perhaps, however, no other Science or Art 
has exhibited so extraordinary a concurrence 
of anomalies. It is at once the most ter- 
rible monster and the most humble and 
obedient servant , its acilion is at one moment 
beneficial, at the next destrudlive ; its range is 
boundless, yet it may be ** cabined, cribbed, 
confined " at ease ; it is everywhere present, 
while its nature is only imperfedlly understood ; 
and, to crown all, although it is one of the most im- 
portant agents in the adlion and the phenomena 
of the universe, and increasing knowledge of 
its applicability to the needs of our race is of 
the utmost importance, no diredt means of as- 
certaining the thoughts and discoveries of its 
students, or of bringing them before the scien- 
tific and mechanical community, at present 
exist. Attempts have been made to supply 
this want, and journals have been started 
with the professed objedl in view of making 
public all that is known or can be learnt 
of Eledlricity in all its branches. But they 
have degenerated into unscientific records of 
unimportant events, and the purpose for which 
they were established has been lost sight of. 
Thus it comes that — while Engineering, Che- 
mistry, and other Applied Sciences have all 
their representative recognised organs — the 
Electrician finds himself without any current 
journal from which he can learn the events 
which are daily occurring of peculiar interest 
to himself. 



Such a want has now been supplied by the 
establishment of the Electrical News ato 
Telegraphic Reporter. In its columns wiD be 
found the most valuable opinions of eminent 
Elecftricians and scientific men all overthe^tnU. 
Articles will be contributed which will be of value 
not only to those who study Eledlricity as amateur 
experimentalists or scientific inquirers, butal» 
to those whose daily life is bound up with the 
advancement of practical knowledge in all (fe- 
partments of the science, and who as elec- 
tricians, telegraphists, eledlrotypers, elcifbo- 
platers, and chemists have continually to deal 
with the same marvellous agent of force ii 
different ways. Nor will the doings of fordp 
societies be ignored as in times gone by, bat, 
in the shape of carefully prepared abstracb, 
their proceedings will be presented toourreadea 
Every opportunity will be given for the healtb- 
ful discussion of the science in all its branches, 
and a fair unbiassed course will be steered a 
all questions of dispute. 

This, then, is our Programme in brief. Mae 
we could promise, but prefer to let tbc nef 
periodical speak for itself. The subjedl wilft 
which it will deal is of too great importaocetf 
need one word of recommendation. Dailjei" 
perience teaches us that we are as yet oo tk 
threshold only of a vast expanse of denial 
knowledge. This has to be explored, aod fl 
the research gains in strength and inteUigcoce 
the results will be far beyond all present coa- 
ception. The feat of girdling the earth ii 
forty minutes will be eclipsed by great decdi 
yet to be done, and if the establishment if 
the Electrical News and Telegiatbic 
Reporter conduces to the hastening of Aii 
desirable end our objedl will have beengaioei 
and we shall be fully rewarded. 

Boy Court, Ludgate Hill, London, B.C. 
yuly I8t, 1875. 
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FURTHER NOTE ON THE ELECTRIC CON- 
DUCTIVITY OF MINERAL SUBSTANCES.' 

Bt the Count TH. DU MONCEL. 

Uembro de I'IntiilulE ie Frince. j 

My formet nateit treated of the eleflric conduflivity oF 1 
EtoDCB. I there avoided the question of Ihj conduilivity I 
of metallic minerals, because they display peculiar 
phenomena, to determine which necessitaled a profound 
itudy of simple Hones. In my note of Oflober 5. 1B74, I 
referred to this sufajeiS reservedly, having resolved to 
diBcuss the question on another occasion. At the present 
time I feel obliged, on account of the publication of 
MH. Braun'B and Dufct's works, to no longer defer the 
recital of my own researches, although it would have 
■uiled me belter to have first experimented on a greater 
number of metallic ores. Nevertheless, the obtained 
results are so well dehned that they will show how the 
tUtiti produced on (be conduaivily of these kinds of 
substances are not so simple as generally supposed. 

Metallic ore* are far front behaving uniformly in the 
transmission of elcdric current:). Some re^dl like 
ordinary stones ; others comport themselves in a manner 
analogous to that of metals, and others, again, have a 
conduftivitj- which pariicipales (10 a marked degree) in 
the two sorts of conduaivities. These last are those 
which furnish the most interesting effeift.', and amongst 
thsm I will quote oli^iit iron, in the condition ol ipecutnr 
iron ; icalfram (tuncstate of iron), of which I have already 
spoken; mA magncticlron. 

In general the ores which yield these last efTeSs have 
a poor conduAivity for metallic ores, yet a considerable 
one in comparison with that of ordinary stones. The 
saniplea of oligisl iron (Fe,0]) experimemed upon had a 
resistance of 8048 kilometres at a temperature of 20° ; 
Wolfram, at the same temperature, gave a resistance of 
103,466, and magnetic iron, 256 kilometres. In their 
normal state these minerals yielded under the influence 
of a (ravening current those ele^ostaiic and eledtro- 
tonic effc^s to which I referred in the case of hard stones 
of a siliceous origin, particularly Ileronville flint. Thus 
oligiat iron, with a 4 kilometre shunt, gave at the com- 
mencement of the experiment a dcfleiiiion of (go° to 80'), 
which fell to Si" at Ihe end of five minutes, at which 11 
was maintained for ten minulet; and I have bcin able lo 
oblain a foiariialion currtnl of (90* to Si°) at thi com- 
tntncimtHl, falling only lo 40° at the ind of Uctnly 
minntlt. 

So far, however, we find nothing not included in the 
eflefia already described. But when we heat Ihe mineral 
ore freih effefta become evident of a character diffdrent 
from (boie shown by simple stones. Thus, when I heated 
Heronville flint with an alcohol lamp. 1 certainty deter- 
mined, at the first moment, a slight action on (he trans 
mltted current, which was effe^ed in a variable direAion : 
but at the end of some seconds a considerable weakening 
of the current look place, ind continued even after tht 
Ump had been removed. It is quite oiherwise wiili 
oligiat iron. The dtJIecHon always increasts whaievir 
tht tnd of the ironslOHi is healed ; and, if the Iransmiltel 
current be broken, an enerf^clic current can he oblaineil 
by joining up the two endsoftheore to the galvar 
This is not a polarisation curi ' ' ■- -- 

according to which end of the 
diredion, however, in the exit 
the betted to the cold eitremity. 

In this reaflion produced 1^ heating, Ikt polaTisatio i. 

i S«e BLiCTiicai. Nawi, vtf tjj and 165. 



eledrode. 



mrrint due lo lUctrestalic action is Ihtn catutUed, and 
gives place to a gtauini thtrmo-elettrit current whou 
Jireclion is naturally according lo the hotter of the two 
electrodes. These currents are comparatively energetic; 
for by heating one of the eleflrodes some seconds, without 
the interposition of the voltaic current, 90° can be rapidly 
reached. On the other hand, we can likewise very quickly 
aanihilale (his last current (without waiting till the 
substance be gtown perfealy cold) by warming the other 
''•"'"■*' Ti.:. :a „j,^ method by which I ascertained 
of heat in these ironstonea. In faA, 
„„.,...u-i,,iv.in. ..ui-renta being unable to exist but for a 
difference of temperature between the two ends of the 
ironstone, I was able by this method to eliminate their 
interference, and to examine the play ofcalorific aftion in 
the conduflivity of these descriptions of minerals, apart 
from every perturbing cause. Thus have I been able (o 
discover that the defleflion (13° to ii'l produced by the 
voltaic current (with too metre shunl) when the stone 
was cold, became (35" to 27°) when it had been alternately 
■warmed until the attainment of a uniform temperature. 
Under these conditions, when I warmed the stone at the 
positive cleflrode, the defieflion rose in a few seconds 
from Jj* to 34°. and when I look away the lamp, it 
returned to 27° in a few moments. By aftprwards 
li!ating the other elefirnde, the ini:rease In (he current's 
sirtnglh was effedled in the same manner, though much 
ijiiicker, no doubt because the therm o-ele Arte current il 
ilien developed in the same dircaion as the voltaic 
cjnent; but (lie deflexion returned to its starting point 
niore slowly. After breakage of (he voltaic current, the 
remanent thcrmo-clciflric current was 19°, and in the 
direflion which the last healing would determine. 
Lastly, when the ironstone had grown quiie cold, the 
giassage of the voltaic current a^ain caused a current 
primarily observed. 



t the e 



1 the 



lingly simi. 
setl, only t 



IK dire>aiun varies 
it, is alwaj-s from 



current arising from the stone (no longi 
iliermo*eleflric current) furnished a defl^dtion of (go* to 
55°) which became 11° at the end of half an hour. 

Analogous results are produced with wolfram, which, 
at the beginning, having furnished (with a ixZ kilometre 
shunt) a deHeftion 0/ (90° to 67°) reduced to 63° after ten 
minutes, and 64° after one hour and ten minutes, Bet up a 
polarisation current of (lo" to 8=). which fell to 5° in -ten 
minutes. Now this itone being heated at the positive 
iilcflrode, (be strength of (he current rose to 79° in a few 
seconds, and to 90° by heating the other eleflrode. In 
order to ascertain the influence of the thermo-eleflric 
cffedts, 1 Interrupted the current, and, after joining up 
the stone to the galvanometer, I was able to verify (by 
.ilternalely healing the two eledirodes) some inverse 
ihermo-eleftric currents quite as energetic as those deter- 
mined from the preceding ironstone. 

Magnetic iron (FeO + FcOj) has slrikin| 
results as the (wo ironstones just 
eleflrotonlc are of greater importance than the thermo. 
cleflric effefls. 

When metallic minerals have a great condualvitv, 
such a galena, ferrous snl/ihide, &c., whose resistance in 
the experimented samples did not exceed 700 and 300 
metres of telegraphic wire, the transmitted current voi-mj 
'^little in strength, and fiirmshis no polarisation current, 
no matter how lone the circuit may be closed. Metallic 
conduiflivity then becomes preponderant, and the cffeA* 
' charafletistic of metallic substances become more or less 
' manifested. Heat then diminishes its conductivity as it 
■ docs Ihat of metals, and the thermo.eleJlrlc currents 
I resulting from hca(ing the cledtrodes do not suffice (o 
change (lie conditions of transmisalon which have been 
I made in the voltaic current. It is true that the portion 
of the current (hat passes ihrough the galvanometer I* 
I (hen so weak, because of the shunt, that It required an 
eleQiic potential far superior to Ihat of these tbermo- 
ele^iic current* in order to aXtSt a voltuc current so 
I {vow^rful as the current I made use of. 
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The following table shows the results obtained by 
joining up the two ends of the galvanometer wire to the 
ore samples by another wire of extremely feeble 
resistance : — 

After Heating. 

^ • » 

Five The The 

Minutes Positive Negatve 

After. Pole. Pole. 



Galena . • . • 
Ferrous sulphide 



At the 
Beginning. 

(8o»— 56°) 
(76-56) 



59' 

58 



56' 
55 



54' 
54 



In these two cases no polarisation current was deter- 
mined by the voltaic current ; but when heated at either 
one or the other of the eledlrodes, energetic inverse 
thermo-eledlric currents were obtained, at the end of a 
few seconds, of go'' strength, whose direction was always 
^rom the heated to the cold portion. Though these currents 
did not affedt the voltaic current, they were manifested 
immediately that the voltaic current was broken and the 
shunt removed, and they naturally varied in diredion ac- 
cording to the end of the ore last warmed. On warming 
it between the two eledlrodes, unstable currents were at 
first obtained, which varied more or less frequently in di- 
region ; but they ended by taking a fixed diredion, and 
augmented in strength so long as the ore continued to be 
heated. When the heating was stopped the currents of 
course became weakened, though they persisted until the 
minerals had grown quite cold. 

When metallic minerals have only a weak conductivity, 
like cinnabar (a mercury sulphide HgS), they produce 
neither thermo-ele^ric nor polarisation currents, and it so 
happens that warmth slightly augments their conductivity. 
Thus a large sample of cinnabar, very heavy and of a 
very metallic appearance, only gave a condudivity of 3°, 
and this took more than a minute to become manifest. 
Under these conditions it is very evident that the charge 
current (referred to in my previous paper) does not exist, 
and the current transmitted dire(5ily through the metallic 
molecules passed in an extremely long variable period. 
Heat raised its strength from 3° to 10°, then it decreased 
as a consequence of the cooling process ; and when the 
other end was heated a slight augmentation was again the 
result, but much feebler than the first. 

It is a very important statement that the conductivity of 
metallic minerals does not appear to be affected by atmo- 
spheric moisture^ even when they yield the effects common 
to ordinary stones. Thus wolfram and oligist iron gained 
no extra conductivity after being deposited in a damp 
cellar for twenty-four hours, — showing that electrolytic 
conductivity does not exist in this class of substances. 

In order to study the possible consequences of the pre- 
sence or absence of this description of conductivity in 
stones, I examined my Heronville fiint (which possesses 
it in a marked manner^ to see whether it would produce 
of itself thermo-electric currents. After having damped 
it sufliciently to condud my current with its ordinary 
strength of ^o'' to 80° (shunt being 4 kiloms.), I joined up 
the two electrodes to the galvanometer, and, after the re- 
duction of the polarisation current to 8^ I warmed one of 
the eledrodes, so as to obtain a thermo-eleCtric current 
in the diredion of this defieCtion. In a few moments the 
defledion went up to 15", which, however, dropped diredly 
the lamp was removed. Then, warming the other elec- 
trode, the n^eedle soon went back to o% which it did not 
pass ; and when I again re-heated the ore, at the opposite 
end, no effed was obtained. 
This experiment leads to the following conclusion : — 



1. When metallic minerals have a certain degree of 
condudivity they generally beget thermo-eledric eflfeds 
under the influence of heat, and this influence increases 
or diminishes the conduding property of minerals in pro- 
portion as the resistance becomes greater or lets. 

2. Certain metallic minerals may yield the eledrottatic 
and eledrotonic efleds so remarkable in hard stones, and 
flints in particular. But to these efledts they unite time 
which proceed from thermo-eledric adions, and, wbea 
they are simultaneously present, those determined by 
thermo-eledricity predominate. In every case these mi- 
nerals are not afl'eCted by atmospheric moisture. 

3. Minerals which are in the position of those just de* 
bated are relatively resisting — less, however, than orduu7 
stones ; consequently heat increases their condudivity. 

4. Minerals having a great metallic resistance, and 
which have not a well-developed eledrostatic capadtf, 
possess a very feeble metallic condudivity. They do not 
determine sensible thermo-eledric currents, and wantth 
slightly increases their condudivity. 

5. Minerals having only a well-developed metallic coi- 
dudivity yield strong thermo-eledric effeds, but belt 
diminishes their condudivity, and those efifieds which tn 
the consequence of eledrotonic condudivity are not act 
with. 



well able to beget thermo- I resistance was 
remain conductors^ but, as the magnetisin 



Hard, non-metallic stones are 
electric currents so long as thev 

heat considerably and rapidly increases their resistance, 
these currents (after a certain degree of heating) can no 
longer be developed. It is probable that the return of the 
needle towards zero, at the time of the second heating, 
was rather owing to the absence of condudivity than to 
the adion of an inverse thermo-eledric current. 
From ^1 tbcBC experiments we ma^r deduce that-^ 



PRELIMINARY NOTICE ON THE CHANGE 
PRODUCED BY MAGNETISATION IN THE 
ELECTRICAL RESISTANCE OF IRON 
AND STEEL.* 

By Professor W. G. ADAMS, F.R.S. 

For some time past Mr. Herbert Tomlinson, Demos- 
strator in the Physical Laboratory of King's College, has 
been engaged in carrying out a series of experimeott oq 
this subjed, and also on the effed of change of teofioB 
on the eledrical resistance of steel and iron wires. 

In measuring the resistances of the short lengtl»of 
the wires or rods which were employed, a unit was cboKS 
which was a small fradion of the British Associatios 
unit. 

Experiments were made with rods of soft iron aboBt 
Jth of an inch thick, with soft steel, and also with itcd 
of different degrees of hardness. 

With a rod of soft iron about 3 ft. long there was a 
increase of resistance of about i per cent, on magoetisiB{ 
with two Grove's cells. The whole resistance of thiind 
was 32 units. 

The experiments were repeated with the rod placed is 
ice and also in water at the ordinary temperature (abool 
15" C), and with nearly the same change in the resistaace 
of the rod. The change in the temperature of the wattr 
was found to be about i** C. during the experiment 

Another rod of soft iron was employed whose resistaace 
was 50 units. The magnetising current was measvedbjr 
means of a tangent galvanometer, and the resistance wai 
measured by means of Wheatstone's bridge. There wis 
found to be an increase in the resistance of the rod wbea 
it was converted into a magnet by sending the magneco- 
ing current through a wire which was coi&d rotma it is 
the form of a spiral. 

It was found that the eledrical resistance was iaaessel 
when any addition was made to the strength of tk 
magnetising current. When the increase in the ' ~ ' * 



divided by the square of the strengtl of 
magnetising current, a series of numberswas dbuiaei 
which did not differ much from one another; Uie tsIm 
of these numbers mostly lie between 3 and 4. 

When the magnetising current is considetablj in citi« i 
the ratio of the increase in the resistance to Che mfund 
the magnetising current diminishes rather rapidly. 

! A Psper rend bffon tbi iUvil SocMb 
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A similar series of experiments was made with a thick 
knitting-needle made of soft steel. The resistance of the 
needle was 29 units. In this case also the resistance 
was found to increase when the strength of the magnetis- 
ing current was increased. On dividing the increase of 
resistance by the square of the magnetising current, the 
numbers obtained from a considerable number of experi- 
ments lie between 47 and 5*6, showing that the ratio of 
the increase of resistance to the square of the magnetising 
current is very nearly constant. 

When the magnetising current is considerably increased, 
this ratio is found to diminish, just as in the case of soft 
ifon. 

Different kinds of hard steel were tried. 

(i). An ordinary knitting-needle, of which the resistance 
was 66*5 units. 

On magnetising with currents of different strengths, 
there was found to be a diminution in the resistance ; 
and it was also found that the diminution of resistance 
increased when the strength of the current was increased. 
With currents varying from tan 15* to tan 54** 30' the 
diminution amounted to 4*33, i.e, about 6*5 per cent of 
the whole resistance. The temperature increased about 
a" C. during the experiment. 

Dividing the loss of resistance by the square of the 
magnetising current, the results of four sets of experiments 
gave the following values : — 



0-165 
(Ian 15°)* 



2-29, 



0*7525 a 

„- =2*26, 



(tan 30**) » 

2*3225 
(tan 45° 30')* 

4*330 



= 2-24, 



= 2*21. 



(tan 54'' 30') » 

Four Grovels cells were employed for the strongest 
current. 

Two other experiments which had been tried previously 
gave results 2*30 and 2*26 for the ratio of the diminution 
of resistance to the square of the magnetising current, 
thus showing that the diminution in the resistance is 
almost exadtly proportional to the square of the current. 

The diminution in the resistance does not take place all 
at once, but gradually, and also ceases gradually when 
the current is stopped. 

(2). A steel needle was also magnetised longitudinally 
by placing it on a copper strip at right angles to the lines 
of force of a current across the strip. 

There was found to be diminution of resistance on 
increasing the current. The values obtained from two 
aeries of experiments were : — 

0*064 



(tan 8" 30')* 
0*192 



= 2-88, 



2*63. 



hard steel is to diminish its resistance, and through a bar 
of soil iron or soft steel is to increase its resistance. 

(2). When a bar of hard steel is magnetised by sending 
a current through a coil which encloses it, there is a 
diminution of resistance which is diredlly proportional to 
the square of the magnetising current up to a certain 
limit. 

(3). When soft steel or soft iron is magnetised longi- 
tudinally or transversely, there is an increase of resistance 
which is nearly proportional to the square of the mag- 
netising current. 



ON A NEW FORM OF DYNAMO-MAGNETO- 
ELECTRIC MACHINE.* 

By S .C. TISLEY. 



(tan IS'')* 

With stronger currents this ratio was found to 
diminish. 

On magnetising the wires transversely by sending a 
current in the direction of their length, a diminution of 
resistance was also observed, which diminution also 
increased when the strength of the current was increased. 

When a current was sent along the wire itself, on 
increasing the current there was found to be also a 
diminution of resistance in the case of hard steel, and an 
increase of resistance in the case of soft iron and soft 
ateel. 

Thus the effed^s produced are the same as those due to 
transverse magnetisation by a neighbouring current. 

Conclusions to be drawn from the experiments : — 

(x). The effed of passing any current through a bar of 



In the first machines constructed by Siemens and Wheat- 
stone in 1867 (see Royal Society's Transactions) the 
power of augmenting the magnetism by successive 
currents, developed from the original residual magnetism 
contained in the iron, was fully demonstrated, and it was 
shown that the power of the machine could thereby be 
developed to a great extent ; but the only means for 
obtaining external work was by the insertion in the 
circuit 01 a magnet or coil so that the secondary discharge 
could be utilised. Sir Charles Wheatstone also showed 
that a great part of the current could be shunted through 
a platinum wire, care being taken that the resistance of 
the platinum wire was sufficient to compel a large part of 
the current to pass round the eledtro-magnet. 

In the same year the writer designed a machine which 
was made by Mr. Ladd, and described by him in a paper 
read before the Society (see Transactions) ^ the principle 
of which was that two separate armatures being intro- 
duced, one was employed for magnetising the machine, 
the other being used for external work. This machine 
gave a good eledlric light, &c., and was shown in the 
Exhibition of Paris, 1867, when a silver medal was 
awarded for it. 

To simplify this machine, the author of this paper 
afterwards placed the two armatures in the same groove 
between the poles of the eledlro-magnet, bolting the two 
together at right angles to each other, so that they came 
under the influence of the magnetism alternately; by 
this method one pair of bearings was sufficient instead of 
two, and the machine altogether was much simplified. 

The machine now about to be described is a still 
further modification, in which the greatest amount of 
simplicity and effedkive power are combined. 

The apparatus consists essentially of an eledro-magnet 
with shoes, forming a groove in which a Siemens arma- 
ture is made to revolve : this is much the same as the 
original machines made by Siemens and Wheatstone ; 
but the difference occurs in the break or commutator; 
here there are two springs or rubbers employed in taking 
the current off from the commutator. The commutator 
consists of three rings : one of these rings is complete for 
three quarters of the circle, the other quarter being cut 
away ; another ring is cut away three quarters, leaving 
the one quarter ; and in between these two rings is a third 
ring, insulated and conneAed with the insulated end of the 
wire wound round the armature ; on this centre ring are 
projeAing pieces, one a quarter of a circle and the other 
three quarters, so arranged as to complete the two outer 
circles. The rubber spring which comes into conta^ 
with the quarter of the middle circle is conneded with 
the eledtro-magnet of the machine, and the armature is 
so arranged that at the timeof contad the best magnetis- 



ing current is developed. The other spring rubber is m 
connexion with the wire on the armature during the 
other three quarters of its revolution; and this is 



« A Paper read before the Royal Society. 



i8o 



Pressure of Electricity. 



{ 



Electrical Mews, 
Oa. 7,1875. 



conne^ed with any external piece of apparatus required 
to be worked. 

By this arrangement, the alternate currents being 
utilised, they are all in the same diredion ; and by the 
length of contadl the whole of the current is obtained in 
the best condition for heating wires, decomposing water, 
giving an ele(5lric light, and other usual experiments. 

At present a model machine has been construfied on 
this principle, the armature of which measures 5 in. long 
by 2 in. diameter, on which is wound about 50 ft. of 
cotton-covered copper wire, No. 16 H. W. G. The 
magnet has about 300 ft. of covered copper wire, No. 14 
B. W. G. : the whole instrument, without the driving 
gear, weighs 26 lbs. : with this apparatus 8 in. of platinum 
wire, 0*005, can be made red hot, water is rapidly decom- 
posed, &c. 

The armature is construdled specially to prevent the 
accumulation of heat to which every class of dynamo- 
magneto-eledric machine is liable. It is made in two 
halves, a groove of zigzag form being cast in each half, 
so that when the two are screwed together a continuous 
channel is maintained through the bearings for a current 
of cold water to pass during the whole time the machine 
is at work. 

The advantages suggested by these arrangements are 
their extreme simplicity, the few number of parts, only 
one armature and one wire being used. 

This principle of the alternate current being utilised is 
also applicable to machines construded on the multiple 
armature principle ; and the economy thereby resulting 
would prove of great advantage, as the power of the 
machine could be varied by throwing into the eledlro- 
magnets either every other current, or every fourth, sixth, 
or eighth current, according to the strength required in 
the machine, the whole of the other currents being 
utilised for eledtric light or otherwise. 



gressively, for the thickness of the layer, though smaller 
than any measurable quantity— is not infinitsly small io 
the mathematical sense of the word. 

We obtain the expression 4ir p* for the pressure, in ap- 
plying the force 4 ir p to the eledtric mass a» p of the de- 
ment, which gives 4irp*u» or4irp* for unit of surface; 
but this is wrong, for the force 4 ir p is not constant over 
the whole extent of the layer. To have the force to 
which the mass p w is subjeded, it is necessary to tab 
the resultant of the anions of the whole system, less the 
element <u, by the unit of mass concentrated at the point 
where the latter is, and to multiply this resultant 2 v p by 
the eledric mass p w, which gives 2 » p* w or 2 «• p* for the 
pressure corresponding to the unit of surface. 

Evaluation of the Pressure, 

When the density p is uniform, vk^hich is the case wiik 
ele(5lrified spheres, or condensers, with plane parallel or 
cylindrical surfaces, when account is not taken of the ii- 
crease of density at the edges, its value is deduced eaiBy 
from the potential of the charge. 

Thus, for a sphere of radius r, electrified by an tk&ac 
source whose potential is V, the eledlrostatic capacity of 
the sphere being r, the charge is Vr ; and the deosi^^ 
equal to the proportion of the charge to the total nr- 
face, is — 

V 

p= 

4»r 

The pressure P, per unit of surface P=2 wp*, bccomef- 



P = 



V* 

Snr' 



ON THE PRESSURE OF ELECTRICITY, 
AND ON ELECTRIC ENERGY.* 

By M. BLAVIER. 



The free electricity at the surface of a conducing body 
exercises against the air, or the insulating substance sur- 
rounding the body, a pressure which may be estimated in 
units of force. 

In some treatises on eledtricity 4 7rp* is given as the 
expression for this pressure referred to the unit surface, 
p being the density of the eledlricity, or the thickness of 
the eledtric layer. This formula is incorredl : the true 
value of the pressure, in fundtion of the absolute unit of 
force, is 2 IT p*. 

To find the pressure, we consider a small element of 
surface w, on which there is an eledtric layer wp: the 
force which would adt on the unit of quantity of eledtri- 
city concentrated at any point of the space is due to the 
aAion of the element a>, and to the resultant of the forces, 
produced by all the other eledtric masses of the field. 
When the point considered is situated at an infinitely 
small distance from the surface, the adtion of the element 
w, which we may consider as a small plane covered by a 
layer of uniform thickness p, is + 2 tr p if the point is at 
the exterior of the conducing body, and - 2 Trp if it is in 
the interior. 

In the second case, the force due to the element to 
makes equilibrium with the resultant of the adtions deve- 
loped by the other masses, a resultant which is, conse- 
auently, equal to + 2 ^r p ; in the first case it is added to 
^is resultant, and the total force is 4 tt p. 

The force, then, which adts on the unit of eledtric mass 
pastes from to 4 9rp for a point which traverses the 
eledric layer, but the increase only takes place pro- 

♦ journal de Physique, 



According to the experiments of Sir W. Thomson the 
potential of a Daniell element has for value, in absolute 
units, the number 0*00374, taking fundamental units of 
time, of length, and of mass; the second, the centimetre, 
and the mass and cubic centimetre of water. The valoe 
of this potential is 0*000374, if we adopt the metre as 
unit of length. 

The potential which an ordinary machine may develop 
depends on its form, the force put in adtion, the greater 01 
less insulation of its condudors, and, lastly, the hygro- 
metric state of the air. The good eledric machines of 
cabinets of physics, according to experiments made bf 
Sir W. Thomson, develop a potential nearly equal to 
that of a pile composed of 80,000 Daniell elements, tfd 
which may therefore be valued at 29-92 or 30 units. TfO 
small spheres of i cm. diameter, ele&rified to this poco* 
tial, and i decimetre apart, would repel each other witk^ 
force of about 0*22 grm. 

The eledtric pressure at the surface of a sphere io com- 
munication with a machine which would develop tbii 

000 0*09 

potential would then be ^—-- per square metre, or ---; 

per square centimetre. 

For a sphere 2 cm. in diameter this pressure wooli be 
equal to 36 absolute units of force, or to 3*6 grms. h 
would produce, at the surface, a diminution of the atmo- 
spheric pressure of 3*6 grms. per square centimetre, or of 
2*6 m.m. of barometric height. If the sphere were la 
eledtrified soap-bubble, its diameter would increase tiD * 
new equilibrium was established between the intaior 
pressure and the pressure of the air, diminished byeleAiic 
pressure and the molecular forces. 

The elediric pressure would make equilibrium vith tbc 
atmospheric pressure for a small sphere, the raditt • 

which was such that .?_?-= 10,000, or whose ladiw** 

8 ,r r« 

equal to j% of a millimetre. 

Let us, further, conceive two metallic platet 
by a plate of glass of thickness d, one of them 
eating with the earth, and the otter' with an 
source having potential V. The densifj it tte mm •> 
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the two substances in presence of each other, and has for 

value — 

Vxc 
9 



.' 



4ir 



1' 



c being the specific indudive power of the glass, which is 
equal to 1*80. The pressure P exercised by the fluid 
against the surface of the glass is — 

If V=30, and if the glass is 2 m.m. in thickness, we find 
for the value of P, per square centimetre, P = 293 grms. 
This is the pressure to which the plate is subjeded on 
either side, over and above that of i kilogrm. due to the 
atmospheric pressure. 

Evaluation of the Energy of an Electric Battery, 

An eledlrified condenser contains a certain quantity of 
enerfpr, which, in the latent or potential state, while the 
equilibrium subsists, is transformed into work, vis viva, or 
heat. When the eledricity passes from one armature to 
the other we may express this energy in ordinary units of 
work (kilogram metres), or of heat (calories). 

If Q represents the charge of the interior armature of 
the condenser, S its eledtrostatic capacity, and V the po- 
tential of the charge, and if these three quantities are 
expressed in absolute eledrostatic units, the energy £ of 
the' battery has for value, in absolute units of work, 
E = i VQ, which may be put in the form £= J V" S, or, 



again, 



* S 



The capacity, S, of a Leyden jar, which may be consi- 
dered as formed of two concentric cylinders situated at a 
very short distance from each other, is, negledtlng the in- 
crease of density at the edges, — ^ , A being the total 

surface of each armature, d their distance, and c the spe- 
cific indudlive power of the matter which separates them. 
Suppose an eledric battery formed of n jars, having 
each a height a and a diameter b ; we have — 

A = «»a6andS=^5-iA21f. 
The energy of the battery in kilogrammetres, is, then, — 



Sd 



1000^ 



and in calories, — 



« V*nabxc^ 

Efl = — z X 



Sd 4168800 

Supposing 2 m.m. to be the thickness of the glass 
which separates the armatures, and 1*80 the specific in- 
dudive power, c, — 

E = o*oii5 kgm. xV* nab, 



Ei = i cal. X 



V^nab 



37053 



equal to 4*96 or 5 kilogrammetres — that is to say, corre- 
sponding to the elevation of i kilogrm. 5 metres in height. 

When the battery is discharged there is developed a 
quantity of energy equal to 5 kilogrammetres, the effed 
of which is the same as the shock of a hard mass 
weighing i kilogrm. which should fall from 5 metres* 
height. We cannot be surprised, then, at its severe adion 
on the nervous system. 

If the discharge takes place through a very resistant 
wire, the energy is transformed almost completely into 
heat, which is absorbed by the wire and heats it. This 
quantity of heat, equal to 0*1207 cal., would raise z grm. 
of water 12*07** C. and i grm. of iron 106®. 

If the condudlor is a small iron wire, ^*q m.m. in dia- 
meter and I metre in length, and its weight 0*25 grm., it 
will be raised to a temperature of 414^ As iron fiises at 
1500^ we shall have the length / of the wire which wilt 

be fused by the discharge by putting ^^ = 1500, whence 
/=o*27 m 



THE PRESERVATION OF TIMBER BY COPPER 

SALTS. 
By M. ROTTIBR. 

(Concluded from page 158). 



Since prepared wood Is liable to alteration so ^oo^ 
as it contains but very minute quantities of copper, it 
would seem probable that increasing the quantity of metal 
will prolong its life. 

The ordinary method of wood preparation does not 
afford an answer to this problem. When the wood is im- 
mersed in sulphate of copper solutions the proportion of 
metal combining with its ligneous fibre is always nearly 
constant and very small. Larger quantities of copper can 
only be introduced into the pores of the wood by usi/ig 
special processes. The following means have given good 
results : — 

I. The Use of AcetaU of Copper. — The Yarions cupric 

salts do not enjoy, in the same degree, the property of 

fixing themselves upon the wood ; acetate merits special 

mention amongst those I have tried. The following 

figures represent the quantities of copper which I have 

found in a certain number of chips prepared with different 

cupric acetate solutions : they are calculated to the con* 

dition of CaS04+5HOaO:— 

Grm. 

t grm. prepared wood contained 0*0x04 
I n M » o-oias 

I ,. ,» n o-oxoo 

I ,. . « >t 0*0170 

I ,, .. .« 0*0166 



11 



f» 



If the battery is charged with a strong eledlric machine 
developing a potential ec^ual to 30 ele^rostatic units, we 
have, substituting V = 30 in the preceding formulae, — 

E = io*35 kgm. x nab, 
£1=0*0243 cal. xnab. 

For a single Leyden jar, 40 cm. in height and X2 cm. 
diameter — 

£=0*4968 kgm. 

£1=0*001207 cal. 
If the battery comprises ten similar jars — 

£=4*968 kgm., 
£xm0'oz2O7 cal. 

To completely charge the battery, then, it ia necet tary to 
expend— beside the fridions and losses of force dae to I 
€tm imperfeftion of the machinee— a quantity of work I 



whilst the samples prepared with sulph ite of copper 
generally contained only 0*006 to 0*0007 gim. of sulphate 
per grm. of wood. 

2. Heating the Prepared Wood,— -When, after having 
withdrawn the chips from the cupric solutions (sulphate, 
acetate, &c.) into which they had been plunged, they are 
exposed to a high temperature, the wood absorbs an4 
retains — under the form of insoluble combinations — a 
rather greater quantity of copper than from the ordinary 
processes. The following table gives the results of some 
mixtures of copper upon chips heated after preparation :-^ 



Orm. 
Chip prepared with 8il%>hate of copper, and 

heated to 65** C 0*0075 

Ditto, ditto, heated to io<f C 0*0090 

Ditto, ditto, heated to las'* C 0-0114 

Chip prepared with aceUte of copper, and 

heated to lOoP C 0-0231 

Ditto, ditto, heated to 130" a 0-0240 

Chip prepared by the ordinaiy method . . • . 0-O073 



i8a 
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3. Use of Organic Substances, — Some organic bodies 
a£t with resped to copper salts as pigments do in reference 
to colouring matters. Introduced into the ligneous fibre 
they fix themselves there, and enable it to occasionally 
absorb very considerable quantities of copper. The results 
of some experiments are as follows : — 

(rt.) Indigo. — A chip of wood tinted to a very pale blue 
by indigo was prepared with sulphate of copper. It con- 
tained, per gramme, 0*0093 grm. of copper — that is to say, 
a little more than wood prepared in the ordinary manner. 
A second trial was made with a piece of very intensely blue 
cotton cloth. After being treated with a cupric sulphate, 
washed, &c., it was found to contain 0*00409 grm. per 
gramme of cloth, whilst white cotton cloth scarcely ab- 
sorbed 0*001 grm. A last experiment on this substance 
was made with a piece of printed cloth, of a deep indigo- 
blue colour, interspersed with white spots. After prepa- 
ration these spots were carefully cut out and put on one 
side by themselves. This was done so as to separately 
dose the copper contained in the white and blue portions 
of the cloth. Tested, it was ascertained that — 

Sulphate of 
Copper. 

z grm. of cloth (white portion) contained 0*00026 grm. 

I „ „ (blue portion) „ 0*01300 „ 

(6.) Cashew,^ — When a decodlion of cashew is mixed 
with a solution of cupric sulphate or acetate, a liquid is 
obtained, after filtration, serviceable for the preparation 
of wood, and capable of fixing a considerable quantity of 
copper on the ligneous fibre. It was found, from adual 
experiments, that the proportions of copper so fixed are 

as represented in the table : — 

Grm. of Copper. 
z grm. chip prepared with cashew contained 0*0169 



£ ; (6) one prepared with acetate and warmed, F ; (7) and 
lastly, one prepared with ammonia, G. The results are :— 

I grm. of Wood 

enclosed 
(CuS04+5H,0) 



z 
I 
I 
I 
z 



*1 



»» 



»f 



t} 



tt 



It 



11 



11 
It 



l> 

tt 
11 
tt 
tt 



0-0135 

0*0140 
0*0320 
0*0460 

0*0145 



Contrary to what might have been supposed, the use of 
cashew in the preparation of wood presents scarcely any 
praAical importance. Necessitating the intervention of 
atmospheric oxygen, the adion of cashew is limited to the 
surface of the wood. Chips of slender thickness and 
considerable size can absorb a large quantity of this sub- 
stance, whilst with thick and small chips the reverse is 
the case. 

4. The Use of Cupramtnonium Salts allows the ready 
introduction of a large quantity of copper into the wood. 
Add to a diluted solution of sulphate of copper a quantity 
of caustic ammonia, or carbonate of ammonia, sufficient 
to re-dissolve the precipitate first formed, and to dose the 
metal contained in a chip plunged into this liquid for 
some hours. A great number of mixtures have given 
good results : — 

Grm. of 
Copper. 

0'0l66 
0*0250 
0*0330 
0*0230 
00423 
0*0500 
0*0580 
0*0730 

The influence this great quantity of metal exercises 
upon the life of wood now remains to be examined. For 
this purpose I buried side by side — (i) an unprepared 
chip, A ; (2) a sulphate of copper chip, B ; (3) an acetate 
of copper chip, C ; {4) one prepared with cashew, D ; 
(5) a chip prepared with sulphate of copper and warmed, 

* A trte of the West Indies and Soath America, whose oil makes 
an endunng mtt-colonr on cloth. 



z grm. of wood prepared with ammoniacal sul- 
phate of copper . • . .' . , 

z ditto, ditto 

z ditto, ditto 

z ditto, ditto . . . . 

z ditto, ditto 

z ditto, ditto 

a grms. ditto . . 

z grm. ditto .. .. 



A chip 


B 


tt 


C 


tt 


D 


It 


E 


tt 


F 


II 


G 


It 



0*00002 grm. 

0*00730 

o*ozooo 

0*01300 

0*01000 

0*02300 

0*01660 



It 
II 
It 
11 



It 



i> 



Wood qaite 

destroyed at 

the etid of 


30 days. 

67 „ 


95 11 


120 „ 


80 „ 


z6o „ 


130 V 



Numerous experiments have confirmed the above figurei. 
Some of them are not yet completed : some chips con- 
taining 0*073 grm. of sulphate have been buried for 
200 days, and are actually in a state of perfed preser- 
vation. 

Among the diverse methods of preparation just noticed 
one alone seems to me susceptible of praAtcal and ad- 
vantageous application. The high price of cupric acetate 
and of indigo undoubtedly precludes their use. Heating 
woods injeded with sulphate of copper only give itsohs 
of contestable value, for the a^ion of heat commnnicatet 
a rose-colour so much the more intense as the tempera- 
ture is higher ; and this circumstance, combined with the 
relatively easy destruction of timber so treated, leads me 
to think that the adion of beat commences an alteration 
in the wood by reason of the acidity of the salt, or sooe 
other cause. The use of cashew is only possible in nrj 
limited cases. 

The salts of cuprammonium, on the contrary, may be 
employed in the generality of cases, and its minimoa 
increase of expense will be largely compensated for by its 
assured long antiseptic qualities. 



NOTES. 



The steamship Edinburgh will leave Portland on tk 
zoth inst., carrying the shore ends of the New Zealand 
cable, and the Hibemia is expedled to follow about the 
end of the month with about zooo miles length of deep tea 
cable. On the arrival of the latter the two ships will 
proceed to lay the cables, which will conned the ports of 
Sydney and Wellington. The total length of cable beiog 
manufadured is Z370 knots. Last week Sir Julias Vogel 
visited the works of the Telegraph Construdkion Company, 
and inspeded every process of the manufadure, which ii 
progressing most satisfadorily. 

We learn from the New York youmal of the Telegrtfk 
that Mr. Elisha Gray, of Chicago, has recently exhibited 
his Eledtro-Harmonic Apparatus in the Western Ubiod 
Telegraph Ofiice, New York. In the course of his tsft- 
riments Mr. Gray found that composite tones were ai 
easily transmitted over a wire as single notes, and this 
discovery has led to the development of a system of mul- 
tiple transmission. On the zzth of September the appt- 
ratus was tested experimentally on a wire between Boitoa 
and New York, with very satisfactory results. Four sepa- 
rate communications were simultaneously transmitted 
from Boston, and copied from four sounders by a Qts 
number of receiving operator^ in New York. In the maiB 
the signals were perfedly received on all the instnuncstii 
the only apparent defeift being a tendency to ihflctet 
them somewhat, a difficulty which it is said cao easBy k 
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overcome. The principle of the apparalua is a very 
limple one : — The depresaion of each key sets a eelC- 
vibrating eUdlrotomc in operation, which is adjusted or 
tuned to vibrate at a certain rale, differing from that of 
any of the othera, when under the influence of the eleftro- 
magnel controlled by its corresponding key. These 
several gcib of elei^rical vibrations are transmitted through 
the circuit without inlcrfeiing with each other, in Che 
same manner that almost any number of different sets ol 
•ound waves may pass through the air without mingling. 
At the receiving station each instrument ia so adjusted as 
to respond to its own special sets of waves or vibrations, 
without regard to others. By breaking and closing the 
circuit upon the transmitting eledtrotome, so as to form 
telegraphic signals, these are transmitted and taken up 
by the corresponding receiving apparatus. It is not easy 
to flu a limit to the number of different communications 
that may be carried on over the same wire simultaneously, 
either in the same or opposite dire^ions. The marked 
auccesi which attended the operation of the principle 
through 240 miles of line seems la promise results in the 
future of the greatest value. 



A trial of Epeed in transmitting with Che Morse appa- 
ratus recently took place at Boston between Mr. C D. 
Stanford and Mr. W. E. Kettles. The matter sent was 
messages, in the regular course of business, that had been 
lent to Portland in the early part of the day, averaging 
over ten words each in the body. Each operator sent for 
the space of one hour, Mr. D. E. Shaw, in Portland, doing 
the receiving. Mr. Stanford commenced sending at 
I o'clock p.m., and at (he expiralion of his hour was in 
the middle of his To6th message. Mr. Kettles started at 
3.10 p.m., and at 3. to p.m. stopped in his 102nd message, 
Mr. Stanford thus winning a decided viflory over his 
opponent. Another trial of speed with solid printed 
matter it proposed. 

theOisUrtichiichtLandieirlkscka/tliche WochcnblutUr 
■tatea that Dr. Virson, Superintendent of the Italian 
Experimental Silk-Farm at Padua, has discovered that 
the hatching of sillc-worm eggs, of suitable age, may be 
accelerated by a period of ten or twelve days, and a yield 
of at least 40 per cent of silk-worm caterpillars secured, 
tf exposing the egga to a current of negative eleflriciiy 
(torn a Holtz machine for the space of eight or ten 
jniaDtei. It is snggested that the same method might 
perhaps prove nseful in hastening Che germination of 
'variouB seeds. 

Sir John Hawkshaw, in his Address to Che Members of 
-the British Asaociation at Bristol, briefly alluded to the 
bistorr and progress of the Eleflric Telegraph, but he 
omitted to mention the American inventions in connection 
therewith. In calling attention to this omission of Sir 
Joba Hawkshaw'a, the New York Tiligraplur remarks 
thftt " this portion of his speech is as perfeift a specimen 
«f the insular egotism for which his countrymen are noted 
m* we have seen for some time I" We are then reminded 
^hAt tha fint praaical telegtaph line of any extent was 
4aiilt ud operated la America, by Mr. HairiMH Qi*y \ 



Dyar, in 1836, in Long Island ; that the needle telegraph 
has been generally superseded, even in England, by the 
Morse system, which, to some extent, is supplemented by 
the printing telegraph of Prof. Hughes, an American- 
The duplex system of Mr. Stearns, an American, is also 
being generally adopted on (he English and Continental 
lines. The fire alarm telegraph system is the invention of 
Messrs. Farmer and Channing, both Americans; the 
quadnipiex has been made practical by Americans ; all 
the printing telegraph instruments which have proved of 
any value are the exclusive inventions of Americans; 

j the quotation telegraph systems ; the automatic fire 
telegraph system, by which instant notice is given of 

I the commencement of firei, which has proved of great 

I importance and value, is the invention of an American ; 
(he dislria telegraph system, by which messengers can 
be summoned, policemen called, &c., has been invented 
and perfefled by Americans ; and the harmonic eleitric 
system, by which there is every reason to believe at 
least sixteen communications can be simultaneously 
transmitted through a single wire, is the invention of 
Mr. Gray, also an American. We are further informed 
that some of the first eledricians of the world are also 
Americans; that "in no other country haa telegraphy 
acquired such perfection in aflual use or been so uni- 
versally adopted and used by the people as in the United 
States and Canadas. More aftual business is trans- 
mitted daily on a single circuit by two operators in this 
country than by four operators on two circuits on the 
English lines. Business is dribbled over the English 
lines slowly by means of needle telegraphs or by Morse 
registers, the use of which ia universal there but 
exceptional here; and the automatic telegraph of 
Wheatstone gives a speed of seventy to eighty words per 
minute in aflual business against 1100 to 1500 words per 
minute by the American automatic system. Only in 
cable telegraphy can any practical superiority be shown 
on the part of British eledricians and telegraphers, and 
this arises from the fail that in the United States wo 
have had no long submarine cables to operate. Wo 
consider it quite probable, however, that if the apeed of 
transmission is hereafter materially increased over such 
lines il will be through American inventions, and had the 
cable telegraphs of the world centered in New York, as 
they have in London, we believe that our eleftricians 
would, before this time, have devised some method of 
transmitting through long submarine cables more than 
seventeen words per minute." 
A recent number of the Monitear Induitriil Bilgt, 

states that the method of lighting the line by elearicity 



n the 



of the Czar's journey ( 



1 the Moscow- 



Kursk Railway consiated of an eleiflric light with a battery 
of 48 elements carried on the locomotive. The light 
illumined the line for a distance of 454 metres (about 490 
yards) ahead of the advancing train, and was suggested 
by the telegraph superintendent. 

We have received from M. Lonis Schwendler three 
pamphlets, containing the resulti of hia endeavonrs " lo 
develop the nutbanutticut tbcor7 of Dnplex Telegraphy 
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tn iu most general torm, with the objeft of determining 
not only the best acrangement for any particular method, 
but also the relative value of diHerent metliods." The 
method seleiaed by him is the Bridge, the best artange- 
ment of which he considers to be that " all the branches 
of the diagram, with the exception of the one which lies 
opposite to the tine, ehould be equal (o half (he given line 
Msittance, while the branch opposite to the line should 
have a resistance of one-sixth that of the given line le- 
■istance. Further, that this branch, the smallest of all, 
should be invariably used for re-establishing balance when 
disturbed." Mr. iichwendler is said to have tested his 
results by adlual trial and experiments. A description of 
the method has already appeared in our columns. 



ELECTRICAL SCIENCE IN FOREIGN 
JOURNALS. 



Compiei Rtadus Hebdamadaircs dts StaHces de I'Acndimie 
dtt Sciences, tome IxxJti., Nob. ti and 12, Septem- 
ber 13 and 20, 1875. 
Contain nothing relating lo elediricity or magnetism. 

Lts Mosdis, vol. xxxviii., Nos. j and 4, September 16 and 

23, 1875. 

These numbers also contain nothing relating to clec- 

No, 5. September 30, 1875. 
The Polarity of Magnelitea.— In the metamorphic 
rocks in the departments Of Mayenne and Maine-ei-Loirc 
there are veins of very rich earthy magnetite having the 
- appearance of btack-lead ivhen damp. If the vein ivtis 
nearly north and south, the magnetites are very freely 
magneti-putar. The position of the poles change with 
great facility ; thus their reversion may be accomplished by 
merely placing a piece oi the ore in the opposite diredlion 
for a few days. Some turns of naked wire around a piece 
of the mineral, and the transmission of a double current, 
will determine the polarity, whilst a single spatk from an 
eleflric battery displaces the poles. If we cut out of tht 
magnetite some cubes of 5 or 6 centimetres, their magneli 
poles may be displaced by an ele^ric spark and be passed 
successivelyalongallofLheir faces and edges. The powder 
of these magnetites is very altraftable by a magnet. 
Compressed into a zinc tube, it is still very magneti- polar. 

Paggeiiitorfi'l Annalen der Pkytik iind tUr Chimie, 
No. 8, 1875. 

Method of Determining the Condudlivity of Liquids 
for Elei^ricity.— Dr. Oberbeck.— {See Et-BcTRrcAi. News. 
p. 170.) 

AltTaflion-Time and Disjunfl ion -Time of Etedlro 
Magnets.— M. H. Schneebeli.— The author describes : 
continuation otpteviousexperiments. He proves experi 
mentally that the disj una ion- time is altered in the samt 
sense ai the attraftion-time, when the branching of the 
current undergoes similar changes. To measure the dis- 
jun^ion-lime (which lb the time elapsing from the moment 
when (he circuit is opened (ill the armature is detached 
and comes back to the rest contaiS) adbuble key was used, 
oneofthe two workinecontaifls was connefted with the 
Une, and the other with the chronoacope. M. Schneebeli 
|1m«i hew fail otpeiimenu tally explain the devititlons 



results obtained In deienninations of loogi' 
the attradlion- anil disjunAion 'times varying {with 
ime strength of current) according to the strength ud 
on of branch lines. He gives, in the concluding part 
of his paper, a description of some of the latest impnm- 
inents in Hipp's chtonoscope and direftions as to its uk. 
Construaion of Lightning Cundnaors for Telegnjih 
Lines.— M, Sch sack .—(Sea Electrical News, to!, i, 
r- "*■) 

Application of Tuning-Forks in Blearic Telegnpbf. 
--M. La Cour.— (See Electrical News.voI. i., p, 34.) 

Eledlrolytic Separation of Cermm, Lanthanum, and 
Didymium.— Prof. R. Bunsen. — The cell in which de:- 
trolysis of the fused chloride is effected is arranged lib 1 
Grove's element ; the outer vessel, enclosing in £e Gwt 
ihe zinc cylinder and sulphuric acid, is replaced bj > 
Hessian crucible, which (holding about loo c.c. of liquij) 
is tilled with a melted mixture of equal equivalesti d 
chloride of sodium and chloride of potasBiam. laaaid 
the zinc cylinder is one of thin sheet-iron, tcninf a 
positive ele (trod c, tvilh a projeifting sttip in one piece nidi 
it. The cylinder encloses a clay cell of best qualitr.cos. 
laining the chloride 10 be decomposed ; and a thick inn 
wire serves as negative eteftrodc, reaching two-thiidi 
down, with a coil of iron wire of horsehair thiEknen a- 
tending from its pointed extremity. The thicker wire il 
enclosed in a clay pipe, so that only the fine wire is is ns- 
taft with the chloride to be reduced. Gas flame ii ouDt- 
able (or melting Ihe chlorides; glowing charcoal.ginigM 
Steam, is preferable. The chloride, also, mixed witb »il- 
Bmmoniac and made as dry as possible, should be bend 
red-hot previously in a platinn crucible till all Ike nl- 
ammoniac is expelled. The qtiantity of metal obtiiasd 
depends essentially on the temperature at which thefswri 
chloride is traversed by Ihe current, and on the abudw 
intensity of the latter. Several further details are grpen. 
Transformation of Eledlric Currents of LowTuukc 
into Disruptive Discharges of Higher Teiuion.'H. 
Holtz. — Knowing it possible, with a Poggcndotff levtf ui 
a number of voltameters, to transform eleiftric nrreiti <' 
lower into others of higher tension (though of short Jan. 
tion), the author thought that, by simply chaagioj tk 
voltameter-plates into condenser-plates, he mtKbl mo- 
form currents of low tension into disruptive di ' 
and so obtain an apparatus which, while like an 
apparatus in its a^ion, would offer the advantage tkatin 
discharges would not suffer retardation by a kmgipni- 
This hope was not fulfilled, for the apparatus, with pi- 
vanic elements, was inaflive ; but, on using anotberMvn 
of etedtriciiy, an influence machine, the idea was *t«*tli 
be a corred one. He therefore gives an accosMefH 
arrangement. 

Additional Note on a New Kledteic Tube.— H. 
— In a new arrangement, a- lube has a paititioD ia in 
middle, with two pretty large openings contrafiiRl tor 



furnished near the ends with two like partiti—^ 

such a way that one funnel of the one is pTi>lM>cat><i> ^ I 
the similarly-direfled funnel of the other. Each of lir- " 
tubes, brought into circuit, shows the phenomena M^ 
—the current choosing now the one, now the oth«r<f»- I 
ing. as the poles are changed. " 

The Chariot of the Hughes PiinUng 1 
Improvementa on il. and the Automatic UAwMimi I 
I the Printing Axis.— M, Sack — We give the title of** f 
' paper (sent us by the author), which lately appcBcdkii I 
I German edition at EngiHitring. Ita natnrewooUba^ I 
be understood without the accompan^ng Bgnr 
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The Anglo-American Telegraph Company have advanced 
their tariff from is. to 4s. per word. The Report of this 
Company, adopted at the meeting on Friday last, states 
that the total receipts from January ist to June 30th, in- 
cluding a balance of ;^3683 lis. carried over from the last 
account, amounted to 288,636, while the total expenses — 
including income-tax, repair of cables, and depreciation 
of cable stock — were ;f47.570. One quarterly dividend, 
at the rate of 5 per cent per annum, free of income-tax, 
was paid on the ist of May, absorbing £"87,500, leaving a 
balance of ;f 153.566, from which a second quarterly divi- 
dend, at the same rate of 5 percent per annum, amounting 
to ;C87,500, was paid on August ist, leaving a balance of 
;f66,o66 (including ;f32,30i surplus cable) to be carried 
forward to the next account. The falling off in the traffic 
receipts for the first six months in 1875, as compared with 
the corresponding period in 1874, amounting to £^67,729, 
is to be. attributed partly to the continued depression of 
the American trade, but chiefly to the redudion of the 
tariff to 2s. per word, which came into operation on the 
I8t of May last. The traffic receipts of the Company for 
September 29th were £1070 ; for the 30th, £950 ; for 
October ist, £1200 ; for the 2nd, £1100 ; for the 3rd, £460 ; 
for the 4th, the first day of 46. tariff, £2350 ; for the 5th, 

;f2650. 

The Directors of Reuter's Telegram Company, Limited, 
have declared the usual interim dividend, at the rate of 
5 per cent per annum, for the half-year ending June 30th 
- last, payable on the 15th of Odobcr. 

The Eastern Telegraph Company, Limited, announce 
the payment on Odober 14th of an interim dividend of 
2s. 6d. per share, fur the quarter ended June 30th last. 
The register of transfers will be closed from the ytli to 
the 14th Odober, both days inclusive. The Company 
alto announce that the coupons on the Six per Cent 
Debenture Bonds will be paid on Odlober 15th next, at 
the bank of Messrs. Glyn, Mills, and Co., 67, Lombard 
Street. 

A circular has been issued by Mr. William Thomas ( 
Henley, telegraph engineer and contradtor, who suspended 
payment in March last, in which he makes a proposal for 
a composition with his creditors of 7s. 6d. in the pound, 
payable in cash by three equal instalments, extending over 
a period of two years from the 7th inst. Power is given 
for all creditors proving against his estate to claim, in 
liea of their composition, fully paid-up shares (value taken 
at par) in a company already registered under the title of 
WUliam Thomas Henley and Company (Limited), pro- 
viding that the said undertaking shall have purchased his 
assets upon terms that the circular fully enters into. It 
is added that payment of the said instalments is to be 
secured by bills of exchange drawn by Mr. Henley upon, 
and accepted by, the said Company. 

The ordinary general meeting of the Eastern Extension, 
Australasia, ana China Telegraph Company, Limited, is 
called for the nth inst. The report states that the 
gross earnings for the half-year amounted to ;£*! 10,754, 
and the working expenses, cost of repair and maintenance 
of cables, payment of income tax, interest on debentures, 
ftc, to ;f28,473, leaving a' balance of profit of £82,281. 
An interim dividend of li per cent, amounting to £2g^^2^ 
has been paid, and it is now proposed to distribute a 
further interim dividend of z) per cent, leaving ;£'22,355 
to be carried forward. The company's cables are working 
satisfadorily. 

The traffic receipts of the Western and Brazilian Tele- 
graph Company (Limited), for the five weeks ending the 
sst inst., were jif 10,360, showing an increase of j[ii2^ 
0wwt the corresponding period of last year. 

-The trttffic receipts of the Eastern Telegraph Company 
(Limited) for the month of September amounted to £30,170, 
igaiact £28,908 for the conrespondlng month of Z874. I 



The traffic receipts of the Eastern Extension, Australa8ia» 
and China Telegraph Company (Limited) for the month of 
September amounted to £18,080, and for the corresponding 
period of 1874 to £18.163. 

The number of messages passing over the Cuba Sub- 
marine Telegraph Company's lines during the month of 
September was 2072, estimated to produce £2000, against 
1797 messages, producing £1802, in the corresponding 
month of last year. 

The Brazilian Submarine Telegraph Company (Limited) 
announce that the accounts show a profit, for the year 
ending June 30, sufficient to enable the diredlors to 
recommend a final dividend of 2s. 6d. per share, making, 
with the previous distributions, 5 per cent per annum, 
and carrying to reserve the sum of £40,000. 

The traffic receipts of the Great Northern Telegraph 
Company for the month of September, this year, were 
392,089 frs. ; last year, 425,931 frs. Total traffic receipts 
1st January to 30th September, this year, 3,186,948 frs. ; 
last year, 3.328,040 frs. 



TELEGRAPH SHARE LIST. 



Amount I 

Ecr 
are. 



£ 
Stock 

10 

10 
10 
10 

10 

10 

. 20 

10 

• • 

10 
10 
xo 

10 
10 

25 

10 
10 

10 

8 

Stock 

X 

10 

10 

20 

xooo dis. 

100 

10 

Cert. 

12 
xoo 



Name op Company. 



Amount 

paid 

up. 



Anglo-American 

Black Sea 

Brazilian Submarine 

Cuba 

Ditto, 10 per cent Preference 
Diredt Spanish 

Ditto, 10 per cent Preference 
Direct United States Cable .. .. 
Eastern 

Ditto, 6 per cent Debenture .. .. 

Ditto, Exten. Australia and China 
German Union Telegraph and Trust 
Globe Telegraph and Trust .. .. 

Ditto, 6 per cent Preference . . . . 

Great Northern 

Indo-European 

Mediterranean Extension 

Ditto, 8 per cent Preference . . . . 

Panama and South Pacific 

Reuter's 

Submarine 

Ditto, Scrip 

West India and Panama 

Ditto, 10 per cent Preference 

Western and Brazilian 

Western Un. U.S. 7 percent istM.B. 

Ditto, 6 per cent 

Hooper's Telegraph Works . . . . 
India-Rubber and Gutta<Percha . . 

Submarine Cables Trust 

Telegraph Construdtion 

Ditto 7 per cent Bonds 



£ 

■• xoo 

All 
All 
All 
All 

9 

All 
All 
All 

• • 

All 
AH 
All 
All 
All 
All 
All 
All 

1). 

100 
All 
All 
All 
All 
All 
All 
All 
All 
xoo 
All 
All 



Closing 
Quota- 
tions. 




10— xo4 
195—205 

l}-2 

24-3 

11—12 

loj-ni 

106—108 

90-92 

3i-44 

21—23 

95-100 

22J— 234 



PATENTS. 



APPLICATIONS FOR LETTERS PATENT. 

3340. John Crisp Fuller and George Fuller, both of 
Fenchurch Street, London, for an invention of ** A new 
or improved galvanic battery, applicable to telegraphic 
and other purposes." — Dated September 24, 1875. 

3343. Charles Douglas Norton, of 17, Arthur Road, 
Stoke Newington, Middlesex, and James Grieve Lyle, of 
57, Bishopsgale Street Within, London, for an invention 
of " A new and improved method of telegraphic commu- 
nication by an hydraulic or pneumatic apparatus.** — Dated 
September 24, 1875. 

3354. Frederick Rooke, of 22, George Street, Stone- 
house, Devon, for an invention of ** Improvements in 
intensifying coils and contaa-brcakers forclearic circuits." 
— Dated September 25, 1875. 

3364. William Robert Lake, of the firm of Haseltinc, 
Lake, and Co., patent agents, Southampton Buildings, 
London, for an invention of ** Improvements ia magneto- 
eledric machines." — A commanication to him from 
abroad by Jim BiUiog Poller, of Brookljn, Ntw Yori^ and 
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John Newland Crandall, of Norwich, Connefticut, both in 
the United States of America. — (Complete Specification.) 
— Dated September 25, 1875. 

3374. John Muirhead, jun., of Stanley Villa, Thornton 
Hill, Wimbledon, Surrey, for an invention of ** Improve- 
ments in eledric telegraphs." — Dated September 27, 1875. 

NOTICES TO PROCEED. 

1800. John Faulkner, telegraph engineer, of Manches- 
ter, Lancaster, has given notice in respedl of the invention 
of *' Improvements in eledrical appliances." 

PATENTS 
On which the Stamp Duty of ;f50 has been paid. 

2827. Charles James Adolph Dick, of Pittsburgh, Penn- 
sylvania. U.S.A., and George Alexander Dick, of Cannon 
Street, London, for an invention of '• Improvements in 
the manufadlure of wires applicable to telegraphic pur- 
poses." — Dated September 25, 1872. 



LETTERS PATENT FOR INVENTIONS WHICH 
HAVE BECOME VOID, 

By reason of the Non-payment of the additional 
Stamp Duty of ;£"ioo, before the Expiration 
OF the Seventh Year from the Date of such 
Patents. 

2929. Arthur McNutt Wier and Marshall Arthur Wier, 
both of Elm Lodge, Newton Road, Bayswater, Middle- 
sex, for an invention of *' Improvements in pneumatic 
apparatus employed in transmitting motive power for 
signalling and indicating, or for other purposes." — Dated 
September 24, 1868. 

ABSTRACTS OF SPECIFICATIONS. 

Improvements in electro-magnetic signalling apparatus, 
William Nickson Haggard, of the firm of Haggard Bros, 
and Co., tea merchants, 3 and 4, Fowkes Buildings, 
London. March 18, 1875. — No. 995. The chief feature 
of novelty in this invention is the employment of a rota- 
tory or revolving eledtro-magnet as the motor power for 
a^uating the signals to indicate *' safety." Another no- 
velty is the employment of a swivel shaft, carrying a free 
wheel and sliding toothed piece, a notched segment, and 
gear for controlling the signals, substantially as described 
in the Provisional Specification. Novelty is also claimed 
for the combination of contrivances which I employ for 
putting the rotatory magnet in adlion during the proper 
interval. But I consider that this invention should pro- 
perly be regarded as a complete apparatus, the essentials 
of which would be as follows : — The signals which con- 
stitute one set are controlled by a swivel shaft working in 
a receptacle near the line. This shaft is influenced by 
springs or gravity to turn so as to put the signals to 
*' danger." The shaft carries a freely axled wheel and a 
sliding toothed piece so worked by simple mechanism 
that, when the shaft has put the signals to *• danger," the 
sliding toothed piece engages with a toothed portion of the 
wheel ; and, when the shaft has put the signals to*' safety," 
the sliding piece is disengaged from the wheel. This 
wheel is driven by a small cog-wheel, screw, or band- 
wheel, attached to the spindle of a rotatory eled^ro- 
magnet, which upon revolving under the influence of 
eledricity winds up the shaft so as to put the signals to 
** safety." The shaft is retained in •' safety " position by 
a projeAing catch entering a notch in a segment attached 
to the shaft. The fulcrum rod or axis of the lever seg- 
ment which carries the projecSling catch protrudes from an 
orifice in the receptacle, and is furnished with a rail lever 
or treadle, to be depressed by the wheel of a passing 
train. Contadl in any eledric wires is broken in this re- 
ceptacle while the catch is in the notch, but is made and 
maintained when the catch is not in the notch. When 
the signals ought to be put to ** safety " the following 
events occur : — The train wheels depress a second lever, 
which turns a fulcrum rod which enters a second receptacle 
conne^ed with the first receptacle by the eledtric wires. 



The turning of the fulcrum rod causes the approach of an 
armature to an eledro-magnet, and completes the circuit 
of the wire or wires. 

Improvements in signalling on railways, Camillo Bon£, 
of Trieste, Austria. March 24, 1875. — No. 1075. This 
invention consists in improvements in ele<5kric signalling 
on railways, whereby communication is effe^ed between 
a moving train and the stations between which it is 
moving ; also with the signal-boxes, and with the train 
before and behind on the same line of rails ; and at each 
station, signal-box, and train in motion is placed an in- 
strument for indicating by means of hauds the modm 
and speed of each train. 

PATENTS GRANTED IN FOREIGN STATES. 

France. 

106,372. Edard, for ** Eledlro-xnagnetic apparatns and 
their application." — Dated January 7, 1875. 

106,397. Chutaux, for " An electric chime."— Dated 
January 12, 1875. 

106,409. La Cour, for " Improvements in transmittinf 
and printing telegraphic messages, and in apparatu tbe^^ 
for." — Dated January 13, 1875. — (English patent, Sept}, 
1874.) 

Certificates of Addition, 

106,013. Brown, for •* Improvements in apparatns ibr 
the transmission of telegraphic messages." — Dated Janu- 
ary 6, 1875, 

104,379. Lontin, for '* Dynamo-eled^ric machines &r 
obtaining alkaline, earthy alkaline, and other metals.**— 
Dated January 6, 1875. 

Austria. 

16. T. Chutaux, of Paris, for " A galvanic element*— 
3 years. (Secret.) — Dated May 17, 1875. 

50. F. Krizik, of Pilsen, for ** An eledro-magnetic 
block-signal." — i year. (Public.) — Dated May 17, 1875. 

92. G. Schinka and E. Wensch, of Vienna, for*'A&I 
and type apparatus for private and military tcJegraphi.'' 
— I year. (Public.) — Dated May 28, 1875. 

Prussia. 

31. F. von Fellinger, of Vienna, and A. Creipts, d 
Paris, for *' An apparatus for receiving messages on paes- 
matic telegraphs." — ^3 years. — Dated August 28, 1875. 

Patent Cancelled, 
3. £. B. Lias, of Rio de Janeiro, for **An ekAzie 
clock." — Dated May 29, 1874, — Cancelled August 19, i*75» 

United States. 

166,094. Receivers for Electro-Harmonic TeUgrdh. 
Elisha Gray, Chicago, 111. Filed June 28, 1875.— 1^ 
combination, substantially as set forth of the vifaratio| 
receiving spring, the elbow lever circuit interrupter arf 
mechanism, substantially such as described, for adjuMf 
the rate of vibration of said lever. 

166,096. Electric Telegraphs for Tranttmttimg Mwtkd 
Tones, Elisha Gray, Chicago, 111., assignor m oat^ 
his right to Samuel S. White, Philadelphia, Pa. FSetf 
January 19, 1875.— Uses induced current. Byaojfsk- 
able circuit-breakers pulsations are sent upon the te 
corresponding in number to the vibrations necetsaiyii 
produce any given note or sound. At receiving atatiii 
operator is placed in circuit, and in eledrical conoeftiB 
with a vibrating resonant plate, also in the circoit. Tk 
transmission, then, of these vibrations through the liaiiC 
tissue to the resonant substance causes an audible sol^ 
corresponding to vibrations sent. x. The hereiiMil 
described art of transmitting musical ImpresskM ' 
sounds telegraphically, by producing musical imprr~'^^ 
or sounds at the transmitting end of a telegraphK 
by causing interruptions in the ele^ric currents of 
cient frequency to produce musical tones, 
said tones through an ele^c circuit composed is ftft< 
animal tissue, and reproducing Uiem at the *-«— ^ 
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of the line by means of a resonant body, which is also a 
condudor of electricity, substantially as set forth. 2. The 
eledlro-harmonic telegraph apparatus, hereinbefore set 
forth, consisting of the combination of a telegraph circuit 
composed in part of animal tissue, a circuit-breaker ca- 
pable of producing a musical tone, and a resonant con- 
du^or of electricity capable of reproducing that tone at 
the receiving end of the circtlit. 3. The combination, 
substantially as hereinbefore set forth, of a telegraphic 
circuit composed in part of animal tissue, a resonant re- 
ceiver, w^hich is also a conductor of electricity, a series of 
circuit-breakers capable of producing musical tones of dif- 
ferent pitch, and a corresponding series of keys for 
throwing the circuit-breakers into or out of operation, 
whereby several tones simultaneously may be transmitted 
through a single wire. 

166. 168. A utomatic Telegraphs. Sir Charles Wheatstone 
and J. M. A. Stroh, London, England. Filed March 16, 
1875. — The means for sending a weak current into the 
line at the end of a dash or space, for preventing an un- 
due elongation of short currents, consisting of the lever 
K, operated from the transmitting levers, the contadt- 
points F £, and the resistance and branch circuit, sub- 
stantially as set forth. 

166.169. Magnets for Electric Telegraphs, Sir Charles 
Wheatstone and J. M. A. Stroh, London, England. Filed 
March 16, 1875. — The combination, with an armature 
pivoted between and adted on by two eleCtro-magnets or 
coils, of a spring and means for adjusting the tension 
thereof, and causing it to exert its force upon either side 
of the pivotal bearing of the armature, substantially as 
set forth. 

166.304. Electric Gas-Lighting Apparatus, Frank V. 
Sandford, Chelsea, Mass. Filed July 14, 1875. — The 
combination, with an eleCtrical gas-lighting apparatus, of 
a time-registering mechanism, substantially as herein 
described for the purpose specified. 

166.305. Telegraphic Circuits, Wm. E. Sawyer, Wash- 
ington, D.C. Filed June ig, 1875. — i. The method of 
operating a- line of telegraph, consisting in placing the 
transmitting battery at or near the receiving end of the 
line wire, and effecting the record or actuating the re- 
ceiving instrument by making and breaking the line-wire 
circuits at the transmitting end, whereby the battery cur- 
rent passing through the receiving instrument is alternately 
equally or unequally divided, and restored to its normal 
strength or required maximum value, as set foith. 2. The 
method of operating a line of telegraph, consisting of the 
employment of two circuits, the line-wire circuit and an 
artificial line circuit, in the latter of which is placed the 
receiving instrument, which is aCtuated, or in which the 
record is effected, by causing an increment and decrement, 
through breaking and making the line^wire circuit of the 
quantity or force of the battery current flowing in the ar- 
tificial line circuits, as set forth. 3. The artificial circuit 
at the receiving end of a line of telegraph, in which the 
battery current flows at its required maximum of quantity 

^ or force, excepting when a greater or less portion of the 
battery current is diverted into the line wire by establishing 
^ the line-wire circuit, as set forth. 4. The method of 
$•' effe^ing a record at the receiving instrument, or of aCtu- 
^ ating the receiving instrument, consisting in wholly or 
"^ partially short-circuiting the main battery, which is placed 
t- at the receiving station, by wholly or partially diverting 
^ its current from an artificial circuit into the line-wire 

circuit. 
' 166,431. Electro-Magnetic Engines, Alexander Titt- 

man, Chauncey, assignor to himself and Henry S. 
Daggett, Lafayette, Ind. Filed April 15, 1875. — i. In 
combination with an unequal number of magnets and 
armatures, arranged, respedively, on a stationary cylinder 
and a revolving disc, a stationary ring provided with a series 
of keys and plates corresponding with a number of magnets 
and a revolving disc provided with a series of recesses 
corresponding with the number of armatures, sabstao- 
tialljr as and for the purposes set forth* 2« In an 



eleCtro-magnetic engine, the combination of the bell- 
crank-shaped keys k^ k*t &c., plates P> P^, &c., springs 
s s, and central disk provided with recessed edge, all ar- 
ranged to operate as set forth. 

166,471. Governors for Electric Motors. Augustus 
McConnel, Cambridge, Mass. Filed April 15, 1875. — 
The combination of the rotatory eleCtro-magnetic engine, 
the circuit closer K having projecting arms a a, the slotted 
arm D upon the shaft S of the motor, and the conical 
pendulum H, constructed and operating substantially as 
and for the purpose set forth. 

166,488. Induction Coils. Jos. C. Vclter, New York, 
N.Y. Filed August 27, 1874. — i. The handles E E', 
constructed to telescope and to pass over the exterior of 
the induction coil through an opening in the box, sub- 
stantially as herein set forth. 2. The elastic ball like 
attachments F F, in combination with the handles £ £', 
and conductors, substantially and as for the purpose 
specified. 

166,527. Electro-Magnetic Engines. C. A. Hussey, 
New York, N.Y. Filed May 15, 1875. — i. In eleCtro- 
magnetic engines, the stationary magnets having radial 
arms with T shaped ends, being arranged in alternating 
position, so that the pole ends of one face the intermediate 
space between the pole ends of the other, for the purpose 
set forth. 2. The outer stationary magnets having widen- 
ing pole ends of T shape at right angles to the arms, 
substantially as described. 3. The central revolving 
magnet provided with widening pole ends of double T 
shape at right angles to the radial arms of the same, as 
set forth. 4. The stationary and revolving magnets 
having radial arms and widening pole ends whose face 
width is somewhat larger than the distance between two 
adjoining pole extremities, so as to lap on the pole ends 
across the intermediate space, substantially as described. 

166.557. Electric Railway Signals. David Rousseau, 
New York, N.Y., assignor, by mesne assignments, to 
Wiiliam F. Smith and Samuel Samuels, same place. 
Filed July 21, 1875. — i. The combined index and clapper 
E, arranged between two gongs or sounders, F and G, 
substantially as and for the purpose herein shown and 
described. 2. The lever H, pivoted to the index clapper 
E, and combined with the armature lever, to transmit the 
motion of the armature to the index clapper, substantially 
as herein shown and described. 3. The pins or projec- 
tions h and «, applied to the vibrating index clapper E, 
and combined with the springs j and A, substantially as 
herein shown and described. 4. The annunciator I, 
combined with the vibrating index clapper E, and with 
the gongs or sounders F G, substantially as herein 
shown and described. 5. In combination with the vibrat- 
ing index clapper E, the insulated plate J and conductor 
prongs or springs r s u v, &c., substantially as herein 
shown and described. 

166.558. Circuit Closers for Railroad Signals. — David 
Rousseau, New York, N.Y., assignor, by mesne assign- 
ments, to William F. Smith and Samuel Samuels, same 
place. (Filed July 21, 1875.) — i. The combination of the 
tube H, formed on the circuit closer, with the inner rings 
or plates h /, and with the sliding sleeve or plate /, sub- 
stantially as described. 2. The rod I, placed within the 
cushion 0| and through the rings i A, and combined with 
the sleeve / and plate B, substantially as and for the pur- 
pose specified. 3. The cushion C, flanged on top and 
bottom, and combined with the plates B and D, and screw 
rings E and G, substantially as set forth. 4. The conductor 
Fb, carrying the plate g, combined with the conductor 
Fa, carrying the plate ^, and with the cushion r and screw 5, 
substantially as and for the purpose specified. 5. The 
combination of the upper and lower movable plate h i with 
the intermediate plate or sleeve /, which is capable of 
motion, all arranged to constitute a circuit closer, sub- 
stantially as specified. 

166.559. Electric Railway Signal, — David Rousseau, 
New York, N.Y., assignor, by mesne assignments, to 
William F. Smith and Samuel Samuels, same place. 
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(Filed July 21, 1875.) — Improvement on his patent 
No. 141,387. I. The trigger,/, pivoted to the armature 
lever F, and combined with the lug <f, that projeds from 
said armature lever, substantially as and for the purposes 
shown and described. 2. The projecting hook w^ attached 
to the armature lever F, in combination with the projeding 
stop X on the arm b of the signal, substantially as and for 
the purpose specified. 3. The fridion rollers « v, com- 
bined with the projeding arms g h of the signal shaft, and 
with the springs /«, q^, r*, Sa, &c., substantially as and 
for the purpose described. 4. The slide H, carrying the 
slotted arm ^', and combined with the rope E, which has 
the knot z for the purpose of raising said slide, as 
specified. 

166,606. Electro-Plating Glass, China, &*c, — Eilev 
Hansen, Copenhagen, Denmark. (Filed Jan. g, 1875.)— 
The herein-described process of forming a metallic 
covering on glass and like substances, consisting in first 
painting the surface with a solution containing sulphur, 
then baking or burning the article to drive off the sulphur 
and other volatiles and to fix the metallic base thereon, 
and finally making a deposit by the eledro-chemical pro- 
cess, all substantially as specified. 

166,616. Electric Train Telegraphs. H. C. Keyes and 
J. P. Clark, Philadelphia, Pa. (Filed June 9, 1875.)— 
I. In an eledric signal apparatus for railway trains, con- 
sisting of an open metallic circuit, two wires and an 
interrupting bell-magnet, the plate B, with post C, in 
combination with the arm a and link E, and with the eye 
F of the insulating cord, substantially as and for the pur- 
pose set forth. 2. In an eledric signal apparatus for 
railway trains consisting of an open metallic circuit, two 
wires and an interrupting bell-magnet, the hinged arm H 
and spring J, in combination with the plate/ ^, and with 
the eye G of the insulating cord. 3. In an eledtric signal 
apparatus for railway trains having an open metallic cir- 
cuit, which, when the train is ruptured, will be closed, 
the hinged arm H, with point L, in combination with the 
plate B with point L', substantially as and for the purpose 
set forth. 4. The eye F of the insulating cord c, in com- 
bination with the link E and spring 6, substantially as and 
for the purpose set forth. 

Re-issucs, 
6575. Hotel Annunciators and Fire-Alarms, Edward 
A. Hill, Chicago, 111. Patent No. 114,007, dated April 25, 
1871. Filed July 19, 1875. — Numbers left unpainted on 
an opaque ground, tilting-shields same colour as ground 
normally behind the numbers, pradically concealing them 
until withdrawn by magnet. i. The combination of the 
pivoted armature and tilting-blinds or curtains R, when 
constructed and operating in an annunciator, substantially 
as and for the purposes specified. 2. The dial S', pro- 
vided with transparent figures, in combination with the 
shifting blind, as and for the purpose as specified. 3. The 
slide-bar V, for restoring the curtain or blind R, or the 
pivoted armature O, as described. 

6576. Hotel Annunciators and Fire Alarms. Edwin A. 
Hill, Chicago, 111. Patent No. 114,007, dated April 25, 
1871. Filed July ig, 1875. — i. The combination of the 
magnet A and shunt with the special magnets B' C, when 
so constructed and arranged that the eleCtric current passes 
alternately through the magnet and shunt automatically, 
for the purpose of strengthening the currents to the mag- 
nets B' C when the magnet A is shunted. 2. The per- 
manent magnet K', in combination with the shunt circuit 
and the alarm bell, when constructed and arranged sub- 
stantially as and for the purposes specified. 3. The com- 
bination of the permaneBt magnet K', the vibrating arms 
L', E', and A', when constructed and arranged substan- 
tially as described, for the purposes of opening and closing 
the circuit of the shunt. 

6577. Hotel Annunciators and Fire Alarms. Edward 
A. Hill, Chicago, 111. Patent N k 114,007, dated April 25, 
1871. Filed July 19, 1875.— The combination of the 
thermostat and call-key or kn^b in a circuit with an 
eledro-magnetic annuncia'or, as described. 



6578. Electric Signalling Apparatus for Railw€fs. 

Frank L. Pope, Elizabeth, assignor to himself ; Jas. N. 

Ashley, Greenville, N. J. ; S. C. Hendrickson, Brooklyn, 

N. Y. ; and James D. Lincoln, Greenville, N. J. Patent 

No. 130,941, dated August 27, 1872. Filed July 23, 1875. 

— I. A semaphoric signal constructed with discs cr 

targets of alternate contrasting colours, in combination 

with an eleCtro-magnet, substantially as specified. 2. An 

eleCtro-magnet actuated partially or wholly by axial 

magnetism, in combination with a semaphoric iigoal, 

substantially as and for the purpose described. 3. An 

eleCtro-magnet having an armature so arranged as to be 

held in contaCt with its poles by residual magnetism amil 

released by an opposing or demagnetising current 

emanating from any suitable apparatus for generating 

electricity, in combination with a semaphoric signoIliBg 

apparatus or an alarm, substantially as specified. 4. Tbe 

combination of a semaphoric signal operated by eledro- 

magnctism, and a secondary signal actuated or conticlled 

by said semaphoric signal, with a reversing or releasing 

apparatus so arranged that when the said signals have 

been set by an operator at one point or station they can 

only be reversed or released by an operator at anodier 

point or station, substantially as herein specified. 

6579. Electric Signalling Apparatus for Railwoys.— 
Frank L. Pope, Elizabeth, assignor to himself; Jas. N. 
Ashley, Greenville, N. J. ; S. C. Hendrickson, BrooUjrr, 
N. Y. ; and James D. Lincoln, Greenville, N. J. Paies: 
No. 130,941, dated August 27, 1872. Filed July 23, iS/j. 
— I. The combination, with a visual signal, of an eledtn>- 
magnet and an armature operating to display the signal 
by direct magnetic attraction, and to hold the lasc 
displayed by residual magnetism, substantially as so. 
forth. 2. The combination, with a visual signal, ai 
eleCtro-magnet, and armature operating to di>pUy tbe 
signal by magnetic attraction, and to hold the sase 
displayed by residual magnetism, of a circuit closer aai 
opposing circuit for throwing a releasing or demagnetiiio; 
current through the coil or coils of the actuating cledio- 
magnet, substantially as set forth. 

6581. Electric Annunciators, — George W. Shavki 

Cleveland, Ohio, assignor, by mesne assignments, of put 

interest to C. F. Uhl, John Gribben, H. A. Cros$iey,aQi 

W. H. Crowell. Patent No. 139,826, dated June xo,i87> 

Filed March 20, 1874. — i. In an eleCtric annunciator, uc 

combination of an ele^ro-magnet with an armature, irbcb 

is actuated by magnetic attraction, and retained in dix^ 

contact with the cores of the ele^ro-magnet fay readu! 

magnetism, in connection with independent mechaain. 

substantially as described, whereby the armature is ioccr' 

from the cores by positive mechanical aCtion, substantial/ 

as set forth. 2. In an ele^ric annunciator, the cookat- 

tion of a numbered or lettered plate with the armataie o' 

an eledro-magnet, the armature adapted to be ittaiae'ii 

direct conta^ with the cores of the magnet by it"^ 

magnetism, substantially as described. 3. In ao dednc 

annunciator, the combination of a weighted am witkthe 

armature of an eleCtro-magnet, to which a letteni ' 

numbered plate is secured for the purpose of cmbv* 

balancing the weight of the said plate, and thereby ini*< 

the attradion of the armature to the magnet by a li{^ 

eleCtrio current, substantially as describe. 4. In an ckc* 

trie annunciator, the combination of a crank shaft, hx^K 

an arm secured thereto, with the armature of an ek^ 

magnet, to which a lettered or numbiu^d plate is secani 

for the purpose of releasing i^e armature nt>m tbe ekdn* 

magnet, and allow t'te letters or numbers to move a«af 

from view, substant ally as described. 
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Since the day when Elecflricity was first disco- 
vered, until now, its vast importance and its 
high destinies have grown upon the human 
mind. Fresh phases of its power, fresh results, 
new means of obtaining and governing its 
adtion, and multiplied ends to which it may be 
turned, have constantly discovered them- 
selves ; till to-day it stands out as one of the 
grandest subjedts presented to the scientific and 
practical world for investigation and research. 
Perhaps, however, no other Science or Art 
has exhibited so extraordinary a concurrence 
of anomalies. It is at once the most ter- 
rible monster and the most humble and 
obedient servant , its adlion is at one moment 
beneficial, at the next destrucflive ; its range is 
boundless, yet it may be ** cabined, cribbed, 
confined " at ease ; it is everywhere present, 
while its nature is only imperfedtly understood ; 
and, to crown all, although it is one of the most im- 
portant agents in the adlion and the phenomena 
of the universe, and increasing knowledge of 
its applicability to the needs of our race is of 
the utmost importance, no diredt means of as- 
certaining the thoughts and discoveries of its 
students, or of bringing them before the scien- 
tific and mechanical community, at present 
exist. Attempts have been made to supply 
this want, and journals have been started 
with the professed objecft in view of making 
public all that is known or can be learnt 
of Eledlricity in all its branches. But they 
have degenerated into unscientific records of 
unimportant events, and the purpose for which 
they were established has been lost sight of. 
Thus it comes that — while Engineering, Che- 
mistry, and other Applied Sciences have all 
their representative recognised organs — the 
Klecflrician finds himself without any current 
journal from which he can learn the events 
which are daily occurring of peculiar interest 
to himself. 



Such a want has now been supplied by the 
establishment of the Electrical News akd 
Telegraphic Reporter. In its columns willlK 
found the most valuable opinions of eminent 
Ele(flricians and scientific men all overthewoiid. 
Articles will be contributed which will beof vahc 
not only to those who study Eled\ricity as amateur 
experimentalists or scientific inquirers, but also 
to those whose daily life is bound up with the 
advancement of prad\ical knowledge in all d^ 
partments of the science, and who as elec- 
tricians, telegraphists, eledlrotypers, ele(fbo- 
platers, and chemists have continually to deal 
with the same marvellous agent of force ia 
different ways. Nor will the doings of foreiga 
societies be ignored as in times gone by, b^ 
in the shape of carefully prepared abstrads, 
their proceedings will be presented to our readers. 
Every opportunity will be given for the heahb- 
ful discussion of the science in all its branches, 
and a fair unbiassed course will be steered ia 
all questions of dispute. 

This, then, is our Programme in brief. More 
we could promise, but prefer to let the net 
periodical speak for itself. The subjetft with 
which it will deal is of too great importance to 
need one word of recommendation. Daily ex- 
perience teaches us that we are as 3'et on the 
threshold only of a vast expanse of eledrical 
knowledge. This has to be explored, and i» 
the research gains in strength and intelli^eoce 
the results will be far beyond all present cob- 
ception. The feat of girdling the earth ia 
forty minutes will be eclipsed by great deeJi 
yet to be done, and if the establishnoent of 
the Electrical News and Telegraphic 
Reporter conduces to the hastening of this 
desirable end our objedl will have been gained 
and we shall be fully rewarded. 
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LENOIR'S AUTOGRAPHIC APPARATUS. 

The principle of tbii " aatograpbic apparalai " may be 

eipUined tho« : — A cylinder leC in motion by a small 

ele^ro- magnetic machine turns with a unifoim tnovement 

at each of the two ipeaking alaliona. This eledtro- 

tnagneiic machine ii composed of an clcAro-magnet and 

a bar of toft iron, which revolves above its poles : a icgit- 

lalot, independent of the apparatus, lenda into the 

eleAro-magnet, at eqaal and close intervals, a current of 

short daration, whereby the movable bar is attroAed at 

the mo nent when it approaches the poles; and its move- ,^,^„^^ 

ment of rotation, whole speed depends entirely upon the ! ,j,tjcal 



current interval*, it consequently regulated. 
regulators being arranged so as to work syn chronically, 
the period of the cylinder's revolution is the same at each 
end of the line. 

At the sending station the despatch is written with an 
insulating ink upon a sheet ol metallic paper, and wound 
around the cylinder. A metal point touches the paper, 
and advances with each turn of the cylinder so as to form 
3 helis whose spirals are vtiy near one another. When 
the point passes over an ink mark a positive current is 
sent to line ; when it passes over the uninkcd portiun of 
the paper a weak negative current is the result. 

At the receiving lUtion a sheet of white paper it 
■round the cylinder, and its edges are fattened so as to 
Torm a continuous surface. An ordinary pen filled with 
ink is set in aaion by an eleiSro-magnet. At each passage ^ ^^^ 
of the positive cnrrent the pen is depressed, and leaves i „ 
,. ..., 1 th vBriM B» the duration I "^ 



the eleflfo-magnet of the talking station by contributing 
to destroy its remanent magnetism, and restoring the 
magnetised armature to its northal position. M.Lenoir 
hai conceived the idea (to reduce this remanent mag- 
netism) of windiag around each branch of the coil 
traversed by the current a second coil, one of whose 
extremities is insulated, whilst the other loads to the 
principal wire. We do not think that this arrangement, 
which results in lixing the line and earth wires lo an in- 
termediate point instead of to the ends of the coils, can 
have a useful effe£), for the supplemental coil thus added 
indnaion current/ "= ^'S= ="f i- . r msi^nican 
The following is a detailed description of the mechanism 

ordinary Morse receiver. 

The machine comprises (i) a large horse-shoe eleftro- 
magnel ; (2) a horizontal fly-whccl, to whose under surface 
a soft iron bar is fined diameter- wise, and whose circum- 
ference overlaps the two poles of the shoe magnet. The 
' " flywheel is a spiral which works a 
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Upon the paper a mark, whose length 
of the current. 

The armature of the eledro-magnet 
which it raised by the positive cnrrent, ana returns to in 
position by the aflion of a spring when the current is 
discontinued. 

Each instrument is, besides, a tranimilting and receiving 
one. Thit is accomplished by means of a tmall chariot, 
which, when the cylinder turns, is urged io the dire ft ion 
of its axis, and carries the elcAro- magnet, the pen, and 
the metallic point. By manceuvring a amill lever the 
pen it raised, and the style towered In transmit; or the 
pen is lowered and the ttyle raised to receive— at the tame 

reversed. 

Ashas been said, M. Lenoir sends to line a weak nega- 
tive current, which is altered to a positive one when the 
style passes over the insulating ink. This is etfeded by | 
a very simple method, already adopted by M. Caaelli in 
his first autographic apparatus, and applicable lo all 
analogous ones in which the manipulator is merely in- 
tended to make and break a communication.' 

The method is the use of two batteries, which call P 
and Pt- The negative pole of P, and the positive pole of 
F,t ate both in conneftinn with the same earth. When, 
therefore, the style is on the insulated portion of the paper, 
the whole of the current from P goes to line, that of Pr 
flowing to earth. But when the style isupe 
portion of the melallii; paper the negative 
mitted by P, is represented by Pi — P. 

When we suppress this negative current by taking away 
the battery P,, and by replacing it with a conduflor of 
inBnitely small resistance, the play of the armature is 
slower, and the apparatus does not work so well. This 
negative current has especially the effefi of sAing upon 
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small horiiontal shaft furnished i 

terminated by a disk m ; (3) a copper cylinder M, upon 
which the receiving, or the melallie despatching paper, is 
wound. It is fited upon an axis terminating in a handle 

lit into m, the first named dish. By this arrangement a 
continuous horisonlal shaft from (he aiis of the tly-wheel 
10 the end of the handle is obtained ; and along this shaft 
the copper cylinder M pasies backwards and forwards, 
belnj; moved by sundry m;chinical appliances set in 
motion by the fly- wheel. 

At right angles to (he cylinder M standing back from it, 
is another but smsller cleflro-magnet, and so placed that 
when the operator fronts the cylinder the pole; of the 
magnet face him one over the o her. B:tween its poles a 
■ igneiiaed lever works, whereby an ordinary metal pen is 
id upon or raised from the cylinder. When receiving a 
message the ordinary metal pen filled with ink is em- 
ployed 1 but when transmiltirg, the pen is removed by a 
kind of shunt motion, which brings a metal point into 
position. The former moves up and down according to 
the aSion of tae current in the eleflro-magnet ; but the 
latter constantly rests upon the paper, the current then not 
passing through the el eft ro- mag net, but the metal point 
itself. 

This smaller eleftro-magnet, together with its style, pen, 
Ac, are fltlcd to a chariot, and so arranged that they can 
be lilted from the cylinder in order to change its paper. 

The regulator, which communicates movement to the 
fly-wheel by means of a current passing through the larje 
eleftro-magnet, is quite distinil f;om the apparatus already 
described. M. Lenoir first used a conical pendulum 

made one revolution a second ; its lower end worked in 
the groove of a hoHionlal arm furnished with a rubber, 
and which, by a suitable arrangement, sent four currents 
per second. This was replaced by an ordinary clock- 
pendulum, in which, lo avoid friaions, the fallowing 

The bob of the pendnlnm supports a permanent three- 
branch magnet with its poles downwards ; the two out- 
tide branches are south poles, the central branch being ■ 
north pale. Immediately below this ma^et U a rod 
hinged at one end ; the other end oscillitea vertically 
between two stops, the upper one of which leads to one of 
the poles of a local battery, the other pole and the hingid 
end of the lerer rod being conneifled wtth the two branehw 
of the large eleSro-magnct. The circuit therefore it 
(when the rod is attra^ed to the upper stop) from the 
I local battery through the rod, round the large elefiro- 
magnet, back to the other pole of the local battery. 

The oscillation of the lever it accompliohed by mean of 
{ a small bar-ma>net being attached to the Centre af the 
lever with its south pole uppermoit. When the pendatnm 
moves ihit mall magnet ia stcraAed at the ntMnnit 
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when the north or middle of the three-branch pendulum 
magnet passes over it. 

The pendulum oscillates nearly 80 times a minute, 
whereby 160 currents a minute pass into the large eledro- 
magnet, producing 80 revolutions of the fly-wheel. The 
gearings are so calculated that this speed corresponds to 
20 turns of the cylinder, equalling one revolution in three 
seconds. 

The battery used by M. Lenoir consists of 16 large 
perchloride of iron elements. 



Quadruplex Telegraphy. — An occasional contributor 
to the New York Telegrapher, writing from Chicago, 
says : — *' You will doubtless remember that in your issue 
of February 27th, under date of February 8th, after 
speaking of a drawing made of the Prescott-Edison 

* Quad.,' to be explained by Mr. F. W. Jones before the 
American ElecStrical Society, I remarked, * It is also ex- 
peded that Mr. Jones will explain a new system of 

* Quad.,* his own invention, which I understand worked 
very satisfactorily in the Western Union office here on the 
evening of the 6th.' After a few experiments. Mr. Jones 
became dissatisfied with the working of his ' Quad.,* and 
began making improvements on it. Just about this time 
some different arrangement of the wires and switch board 
in the office were deemed necessary, which took up 
Mr. Jones's time entirely, so that he had no time to 
devote to the improvement of his * Quad.* until about two 
months ago, when he again went energetically to work. 
Aslhe result of his labours he has mastered every obstacle, 
and has now one of the simplest and yet most perfed 

* Quadruplex * ever invented. For the past three weeks it 
has been worked almost every day in the Western Union 
office here on all four sides ; Chicago working with Buffalo 
on one side, while Detroit and Chicago worked the other 
end as a local wire to Buffalo, having a repeater in at that 
point — Detroit. Thus, one wire has been made to do the 
work of six Morse circuits between Chicago and Buffalo 
by the insertion of a repeater at Detroit. The circuits 
thus arranged have not taken as much balancing as a 
duplex generally does, very seldom having to be balanced 
after being started working in the morning, and sometimes 
not for several days. It is without doubt a perfedl ' Quad.* 
Some of our best electricians in this vicinity, who have 
seen it work, have pronounced it such. Mr. Jones has 
great reason to be proud of his success. I am not at 
nberty at present to give your readers the electrical points 
of this * Quad.,* but will do so as soon as I am at liberty. 

Mr. W. C. Barney's System of Rapid Telegraphy. 
— In our number of the i6lh of April last we made men- 
tion of a new system of rapid and simultaneous telegraphy, 
the invention of Major Barney, an American, which had 
been tried on the Government lines and found to give very 
satisfadory results. Since that time, agreeably to Mr. 
Barney, some modifications have been made in the system 
by Mr. Godener, a Frenchman, and pupil of Br^guet, and 
later experiments have given still more satisfadory 
promise than those made at first. The following are 
some of the results: — On the ist of July, the same 
dispatch was transmitted simultaneously to Ostend and 
Antwerp from Brussels, with a velocity of 600 words a 
minute. These trials took place on the lines between 
Brussels and Ostend and Brussels and Antwerp, the lines 
having been joined at Brussels in order to obtain increased 
length of circuit; the first was 156 miles, and the second 
about 57 miles long. July 17th, messages were sent from 
Ostend to Brussels with a velocity of 1092 words per 
minute (all being read by the employes present). August 
25th, messages were transmitted from Brussels via Arlon 
and back, a distance of about 237 miles, at a velocity of 
600 words per minute and read by the employes of the 
office. There is reason to congratulate the railroad, post 
and telegraphic administration for having, in the interest 
of science and progress, placed their lines at the disposal 
of the expcnmtnXen, — L* Independence Beige. 



NEW SYSTEM OF OPTICAL TELEGRAPHY. 

By A. LEARD. 



I AM engrossed with a very important question, which to 
this day has not been answered : — *' How to enable two 
stations optically to speak at great distances, whatever 
obstacles may arise between them." 

Hitherto it has been essential that the two extreme 
offices should be in sight of one another. But if a wood, 
a mountain, or any obje^ whatsoever, interpose itself 
between the talkers, speaking to another by visual si^ns 
becomes impossible. 

The trial of a new method of transmission has been 
made at Algiers by the orders of the Govemor-GeneraL 
The instruments used, and the manner of carrying out 
the experiments, are as follows : — 

Fifty large size Bunsen elements, arranged kt 
''quantity,** supplied the voltaic arc, which was regulated 
automatically by one of Serrin's apparatus. This was 
placed upon a movable platform, allowing the projedtd 
rays to sweep all round the horizon. The angle at which 
the luminous cone could be thrown upwards or downwards 
was obtained by means of a movable parabolic refledor. 
The manipulation was effecSted by means of a most ek- 
mental obdurator, composed of a simple wooden disc with 
a handle, and held in the hand. With this instrument the 
light was thrown up to 40° or 45* for a longer or shoner 
time, representing thus the dots and dashes of the Morse 
alphabet. 

A mountain more than 200 metres high was sitoated 
between the observer and the luminous source. All the 
despatches transmitted in the manner just described were 
read perfedtly, and sent back in the text. The sky was 
dark and slightly misty. The proje^ed cone bad all the 
appearances of a most beautiful comet's tail. At Foct 
National twenty-five leagues distance from Algiers, as 
the crow flies, the long and short intervals were very 
distind. We renewed the experiment in very dry weather, 
and in the moon's light, as expedted, the resulu were 
not BO favourable. Some fugitive gleams were seen vitb 
great difficulty at 100 kilometres, so that telegraphic coo- 
munication was impossible. On sea, where the upper 
strata of the atmosphere are always damp, I think that, 
even in a clear sky illuminated by the moon*s rays, the 
signals might be read at ten or fifteen leagues distance. 

Altogether, it is desirable that intercommnnicatioi 
should be effedked under all analogous circumstaoceSi 
I have ascertained conclusively that the voltaic arc, sees 
diredly through red glass, is perceptible to a veiy great 
distance ; but that the luminous beam traversing this 
same glass ceases to be visible at a very short range. 

Now I propose, in order to solve this difficulty, to colotr 
the voltaic arc itself by means of nitrate of stnntiiB 
powder, or filings of a suitably seleded metal. Nitrate df 
strontium gives a magnificent purple shade. Being mj 
volatile, it need only be used as the reqoirementi i 
transmission necessitate. I have thought of a smdl 
apparatus which will give this result, and a manipolatar 
which will only produce the eledric light at the moaKSt 
when a dot or a dash is to be signalled. In the Hone 
transmission it is quite needless to have a permanent hoi- 
nous cone, since the rays are only intermittingly reqsiied. 
This new style of transmission may be rendered bmr 
pradical by replacing Bunsen*s battery with one of 
Gramme's machines. The Serrin regulator may be re- 
tained ; but the obturator should be replaced by a disk 
fixed to an upright support returning automatically to its 
normal position by its own weight or by a spring. 

This species of correspondence, *' cloud-illuminatioo," 
may have important applications,- smd notably in naviga- 
tion, for it solves an important problem : — 

" To light up the horizon in uXl dire^ons so as to guide 
ships. Moreover, to secure telegraphic coi ie sp ondcacs 
between vessels, buildings, and outposts in all westhoi 
and notwithstanding interveniog objeds." 
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Two ships separated by a promontory or placed below 
the horizon may by this method communicate with one 
another. Boats forming a squadron could thus be mar- 
shalled about by the admiral's ship. These ideas repre- 
sent some of the applications of this method of telegraphy; 
numerous others will involuntarily suggest themselves. 



IRON TELEGRAPH POLES. 

When the progress of telegraphic extension rendered it 
necessary to construct long ranges of lines through the 
eerai-civilised regions of India, Central Asia, Australia, 
and South America, where it is often difficult and even 
impossible to procure suitable timber for poles, or where 
the peculiarities of climate insured the speedy decay of 
wooden poles, even if it were possible to make use of 
them, the economy of using iron poles became so appa- 
rent as to scarcely require discussion. When we consider 
the difficulties of transportation, labour, and maintenance, 
in these partially civilised countries, inhabited by a rude 
and scattered population, and compare the relative first 
cost and duration of wooden and iron poles under such 
conditions, the saving which must result from the employ- 
ment of the latter is readily seen. But in the more 
thickly settled countries of the world, where transporta- 
tion is abundant and cheap, and the cost of inspcAion 
and maintenance is comparatively low, the question of 
relative economy becomes a much more complicated one. 
It is not proposed to enter into an extended discussion of 
the relative cost and advantages of iron and wooden 
poles, for the reason that so many different considerations 
enter into the question that perhaps nothing short of a 
somewhat lengthened experience with both systems of 
construction under corresponding conditions would enable 
results, even approximately correct, to be arrived at. 

One of the earliest inventors who turned his attention 
to the subjed of iron poles was that eminent telegraphic 
engineer, C. W. Siemens. Considering that the objed in 
view would be most completely met by a design which 
should combine lightness and convenience of construdlion, 
with the maximum degree of stability and resistance to 
sudden strains, as well as to oxidation, he was led to 
abandon the ordinary method of securing poles by setting 
a considerable length of them in the ground, and to make 
use of a horizontal wrought-iron foot-plate buckled or 
corrugated into the form of a shallow or inverted dish, 
which combines a great degree of rigidity with a peculiar 
tjughness which enables it to yield without injury to 
8udden and excessive strains. The portion of the post 
which is partly buried in the ground, and is therefore ex- 
posed to the adlion of moisture both from the earth and 
the atmosphere, is made of cast-iron, and is of a tubular 
form. This tube is fastened to the foot-plate by four 
bolts, and is provided at its upper end with a socket for 
the reception of the upper tube. The latter, which forms 
the principal part of the pole, above ground, is made of 
wrought-iron. The upper tube is cylindrical for a distance 
of about 2 feet above the socket, and from thence tapers 
gradually to the top. This form ensures a distribution of 
metal, which, with a minimum expenditure of material, 
gives a maximum degree of rigidity or resistance to a 
horizontal strain. The upper and lower tubes are ce- 
mented together by means of a fused mixture of sulphur 
and oxide of iron. 

The height and dimensions of these poles vary ac- 
cording to circumstances. If only one or two wires are 
required, and economy is an objed, poles having a total 
length of 19 feet 8 inches are used, standing 17 feet above 
the ground when in position, it being usual to place the 
post 2 feet 8 inches in the ground. The total weight of 
such a pole is 184 lbs., and, as it may be transported in 
three separate parts, the weight of the heaviest piece will 
be less than 100 lbs. At all points where the Ime is ex- 
posed to an extraordinary strain, a heavier pole, weighing 
%9$ lbs., is made use of. For a heavier class of lines a 



larger-sized pole is made, weighing 254 lbs., with extra 
poles weighing 340 lbs. The ordinary number of poles to 
a mile is about twenty-one. 

Iron poles of this description were first ereded by the 
firm of Siemens Brothers, in Spain and South Africa, as 
long ago as 1863. Since that time more than 180,000 of 
these poles, representing over 9000 miles of line, have 
been ereded in New Zealand, Ceylon, India, Egypt, 
Persia, Russia, Mexico, Brazil, the Argentine Republic, 
Chili, and Peru, and are said, in all cases, to have 
remained in perfe^ working order ever since their 
eredion. 

As a rule the Siemens poles are estimated to cost from 
two to three times as much as good wooden poles of 
corresponding strength, — say from 6*50 to 17*50 dollars 
each, according to size and strength. 

In many countries, however, where both wooden and 
iron poles would have to be transported over great dis- 
tances, by such means as are usually available in half- 
civilised countries, iron poles become as cheap as wooden 
ones at the point of erection, owing to their weight being 
so much less, and their transportation so much easier, on 
account of being carried in pieces of convenient weight 
and bulk. It will, therefore, be readily seen that in 
tropical countries where wood is subjed to dry rot, and 
where wooden poles have to be renewed every few years, 
that the relative advantages of iron poles of this descrip- 
tion are very great indeed. In civilised countries, how- 
ever, the advantages to be gained by the use of these 
poles instead of wooden ones is not so obvious, and we 
do not find that they have as yet been introduced to any 
considerable extent. 

The rapidity with which wooden poles were found to 
decay, and the expense and interruptions occasioned by 
the continual renewal of the poles and the transfer of the 
lines from the old poles to the new, led the telepaphic 
administration of Switzerland to construd an expenmental 
line upon iron poles, as early as 1857. 

The experiment was continued in 1858, but the T iron 
which was employed for buildins the first lines was re- 
placed by two or more cylindrical tubes screwed together 
by means of a threaded coupling. After an experience of 
three years, which served to demonstrate the fa^ that this 
manner of joining the poles did not insure a sufficient 
degree of rigidity, this form was in turn abandoned. After 
successive trials made with specimens of various designs, 
it was at length decided upon to use conical tubular poles 
formed of a single piece, as this seemed likely to fulfil all 
the necessary conditions. 

The length of these poles varies, according to circum- 
stances, from about 8 feet 4 inches to 24 feet 7 inches, but 
pradically they have always remained within the limits of 
II feet 4 inches and 18 feet 8 inches. The minimum 
diameter measured just below the top of the pole is inva- 
riablv 1*6 inches ; it increases regularly towards the base 
in all cases, so that a pole 12 feet long has a diameter of 
2*56 inches, and an 18 foot 8 inch pole a diameter of 
2'95 inches, at the base. The thickness of the iron is 
uniformly 0*2 inch. 

The poles are firmly secured in the ground by means of 
sockets of stone whose dimensions depend upon the 
length of the poles. For the small sizes these sockets are 
about 2 feet square. The insulator brackets are placed in 
round holes drilled transversely through both sides of the 
pole, and are fastened by iron wedges or keys. 

The durability of these poles is of course almost un- 
limited, provided they are properly covered, from time to 
time, as may be required, with a coat of varnish for the 
protedion of the iron. The results obtained in regard to 
the insulation are said to be not unfavourable, and the 
Swiss administration has had reason to be very well satis- 
fied with this system of constru^ion. It presents, how- 
ever, one inconvenience, which could hardly have been 
foreseen, but which will nevertheless be somewhat difficult 
to remedy. This inconvenience arises from the compara- 
tively small number of wires that these poles are capable 
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of accpmmo4atiDg. In 1861, when the system of con- 

strudlion with iron poles began for the first time to be 

used to any considerable extent, there were only some 

10 miles of line in all Switzerland, haying four or more 

wires, and it was then thought that in providing for ten or 

twelve wires all possible requirements would be exceeded. 

At the present tinie some of the lines built in 1861 and 

1865, with iron poles, have more than fifteen wires, bo that 

it has become necessary to duplicate the lines — a result 

which might have been postponed for several years if 

wooden poles had been employed. 

The metallic posts employed by the Bavarian Adminis- 
tration are made of rolled iron, and are cut to three 
different lengths — viz., 5, 6, and 7 metres. The outline 
of the transverse secfiion is the same ibr (he threp sizes — 
that of an H or double T. 

The reason for the selection of this particular form was 
as follows : — In consequence of the high price of iron it 
was necessary to adopt a system of cpnstrudion which 
woMld reduce the labour of setting the poles as much as 
possiblp, and, on the o^her hand, give the iron such a 
form as the law of strength of materials shows to be 
most advantageous. 

As the greatest strain on the posts is not in a direAion 
parallel to the wires, the wind not adling upon thtm in 
the direction of the tension, the inost proper form for a 
telegraph post is therefore not that having a circular 
transverse sedion, but that in which the section resembles 
a double T, having its ends placed perpendicular to the 
strain of the wires. With this form the construdion of 
poles is neither yery expensive, nor is much additional 
work required in fitting them up. The cross-arms and 
insulator pins are also very easily attached. 

After being rolled out, the poles are cut to the desired 
lengths, and the ends carefully filed. In the centre of the 
groove of each pole five holes, about 0*67 inch in diameter, 
are drilled, the centre of the upper hole being 7*87 inches 
from the top of the pole, and the distance between two 
holes 15} inches. Opposite these holes, and on alternate 
sides of the pole, recesses are cut out to receive the cross- 
arms. 

In order to proted the poles from adion of the elements 
they are carefully freed from filings and rust, washed with 
lime-water, and then plunged while still wet into a bath 
of boiling oil, after which they are covered with a coat of 
red-lead. 

The cross-arms used with these poles are of an L form, 
and arc composed of the same metal as the poles them- 
selves. They are made in three lengths, viz., 2 ft. 7 ins., 
3 ft. 7 ins., and 4 ft. 7 ins. 

In one face of thp cross arm, midway between the ends, 
a hole 0*67 inch in diameter is drilled ; two additional 
holes are made in the other face of the 2-foot 7-iqch arms, 
and four holes in the 3-foot 7-inch and 4-foot 7-inch arms. 
The latter holes arie also 0*67 inch in diameter, and the 
distance between their centres and the axis of the poles 
is as follows : — 

For the 2-foot 7-inch arms, i foot 4 inches. 

3 M 7 If » 8*3 ins. and i ft. 8 ins. 
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I ft. 5 ins. and 2 ft 8 ins. 



The other details for completing the arms are the same 
as for the poles. 

The cross-arms are fastened to the poles with bolts 
2} inches long and 0-59 inch in diameter. The heads of 
the bolts are 1*2 inches in diameter and 0*03 inch thick. 
Hexagonal nuts, 069 on a side and 0*03 inch thick, are 
used to secure the bolts : the latter should be coated with 
black varnish. 

The pins for supporting the insulators are formed of 
iron rods, one end being furnished with a thread and nut. 

The total length of the pins is 7*8 inches, and their 
maximum diameter 0*59 inch. The shoulder at the lower 
end is z-a inches in diameter and 0*24 inch thick. The 
hexagonal nuts are z'23 inches on a side and 0'3a inch 



thick. Both the pins and nuts should also be covered 
with black varnish. 

The sockets or atone blocks which are used in order to 
make the base of the pole firm and secure are of solid 
and fine-grained granite. They are 4 feet 2 inches hijsb, 
and their sedion forms a square of 17*7 inches on a sid«. 
They are cut away at the top to a depth of about 3*9 in?., 
and the square reduced to 1378 inches on a side. The 
upper surface has a slight inchnation of about 1*2 inches 
between two opposite angles. In the middle of the upper 
face a l^ole is drilled 98 inches deep, and shaped like a 
sedion of the pole — that is, like a double T. This is 
exa(5lly in the vertical axis of the granite block, and it« 
outline conforms as much as possible to that of the poles, 
so that when the latter are introduced a great quantity of 
cement will be required in order to secure them firmly. 

For securing the poles in the granite blocks the Bava- 
rian Administration makes use of melted lead, as the 
other substances generally employed for this purpose are 
liable to give way, owing to the continual vibratiooi cf 
the poles. The melted lead is poured into the spsces 
between the pole and sides of the socket until it runs over 
and forms a pyramid around the base, entirely covenfi| 
the opening of the stone. 

After having been set the poles and cross-arms are 
covered, especially at the base, with a thick coating of oil 
varnish of grey zinc, and, in order to prevent discbar;^ 
of atmospheric eledlricity from injuring the stone sockets, 
each pole is provided with a No. g iron wire, one ead of 
which is buried in the earth and the other end embedded 
in the mass of lead which surrounds the base of the pole. 

The plan of construdion just described is that which is 
employed for the line between Munich and ^ugsbare,a 
distance of 8^ geographical miles : this is the only hx 
on which this system of poles has as yet been introduced. 
This line has been built three years, and has thus far re- 
quired no repairs except the replacing of two of the store 
blocks, which already had cracks in them before setting 
although these were not then apparent. The icsulatico 
is perfed, and the leakages between conduding wires^ 
which interfere particularly with the transmission of cor- 
respondence by the Hughes apparatus — are cotiidy 
avoided by the use of these poles. In this resped tbej 
seem to fulfil the office of large condensers. 

The present very high price of iron will doubtless provt 
an obstacle to the use of this system of metallic poles oa 
all the lines, but the Bavarian Admistration conatdert 
that if the prosper of this considerable expezise is soc^ 
as to be likely to cause much hesitation on the part d 
telegraphic administrations, the railroad companies will 
soon become convinced that it is better to increass d>e 
first cost of their railway — in order to obtain a good, sub- 
stantial telegraph line — than it is to continue to eapl^^T 
wooden poles when their many disadvantages continoalif 
compromise the security of trains. 

The two following tables indicate the weight and 
price of the dimensions of iron poles which have bets 
adopted : — 

Table showing the Weights of thb 5-lfETRxFotJ 

Number Weight ia ta. 

of Names of Farts. , — -» ^-« 

Piecei. Alone. Tcftther. 
Forged Iron, 



X 

2 
2 

I 

5 

16 



Pole, 5 metres long xSi'qo 

Cross-arms, 2 feet 7 inches long 7-00 

»f 3 »» 6 »» II 970 

Cross-arm, 4 „ 6 „ „ X2*35 

Bolts — 

Insulator pins, complete .... — 




239» 



The weight of a 6-metre pple is 

7 »» 



It 



II 




Gramte socket 



rr- X4i8-40 
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Quantity. 



Namuof Paits. 



Post 

by tbe 

xx<4 

lb«. 

Dols. 

X Piece. Granite block with hole — 

jSi-glbs. Pole of rolled iron .. 3 12 

4Sl ti Cross-arms of rolled iron 3 12 

5 Pieces. Bolts 04 



Total Cost. 



Pw~ 
Pieces. 
DoU. 



I 30) 
29/ 



Toge- 
ther. 
DoU. 

3 52 
5 16 

I 50 
97*5 



x6 „ Insulator fins, complete 06 — — 



22 lbs. Of lead for fastening the 

poles in stone .. .. 11*7 
Painting of poles . . . . — 



I 17 

31 



Total 



— -— 12 65 



The net cost of the 6-metre poles is • . 23 65 
That of the 7-meire poles 14 66 

The ppk# W^iS^ about 36 lbs. per metre, and carry 
16 ^ires of abbu( No. 7 gauge. The Bavarian Adminis- 
tration considers that for spans of only 145 feet, poles 
weighing but 22 lbs. to the metre might be used, It was 
thought advisable, however, not to reduce the material to 
its least dimensions for this line, which in reality consti- 
tuted an experimental one. 

Along railroads the poles most in use -are those of 
5 metres (16 feet finches) in length, but for level crossings 
they are 7 metrics (22 feet 10 inches) high, and both sides 
of the cross-arms tpf 6-metie poles are used. On straight 
lines and for curves on level ground the distance between 
the poles is about 145 feet. — yournal of the Telegraph, 



COMPOUND TELEGRAPH WIRE. 



Compound telegraph wire, although a comparatively new 
invention, has nevertheless been extensively used in the 
United Sut>es of America, Brazil, the River Plate, Central 
America, Russia, Japan, China, various European Tele- 
graph Administrations, and also for Military Field 
Telegraph Service. 

The results obtained by the use of this wire have in all 
cases been most satisfa^ory, on account of the many 
advantages it offers over the ordinary galvanised iron tele- 
graph wire, formerly exclusiveiy employed. 

The compound wire consists of a tinned steel wire of 
highest quality, around which a copper strip is wound 
helically: both steel and copper, having been drawn 
through a draw-plate, ^re firmly soldered together, and 
thus produce a compound wire, which combines lightness 
with strength and high conductivity. 

The advantages of the compound wire over iron 
wire will appear from the annexed list, which com* 
pares the dimensions and weights of ordinary iron wire 
with compound wire of equal eledlrical conductivity, and 
shows the following important results : — 



The proportion of weight between ordinary iron wire 
and compound wire of equal condudivity is about 3 to i ; 
that is to say, compound wire only weighs one-third of 
iron wire of equal eledrical capacity. This light weight, 
when compared with the weight of an ordinary iron wire 
of equal conductivity, offers an advantage in constructing 
telegraph lines, especially in countries where the trans- 
port of the materials is expensive, as a saving of about 
67 per cent in cost of transport is effected. 

Expense is also saved in ereCting the compound wire, as 
the lightness of this wire economises time and labour, and 
requires but from two to three joints per mile. On account 
of its small weight the poles will carry a larger number of 
compound than of iron wires, and the insulators may be 
of lighter and less costly construction. 

A line with a given number of poles will therefore be 
more substantial and durable with compound wires than 
with ordinary iron wires. The strain and weight upon the 
poles, especially at curves and angles, being less, the line 
must necessarily stand firmer, and the smaller diameter 
of the wire offering less surface to the pressure of storms, 
to the accumulation of sleet, &c., renders the compound 
wire less frequently subject to temporary interruptions. 

Compound wire, being a steel wire protected by a thick 
sheath of copper and tinned, does not corrode like iron 
wire — therefore is less liable to breakage. Its superiority 
in this respect has been tested by a series of severe expe- 
riments, in which compound wires and iron wires have 
been exposed to the influence of air under pressure, the 
air being alternately impregnated with acid and salt. The 
results proved that an iron wire of 4 m.m. diameter was 
on the ninth day partly destroyed, whereas the compound 
wire remained in a perfeCt state of preservation. 

This wire is especially well adapted for military 
telegraph lines, and has given ample proofs of good field 
service. It is, further, well adapted for long spans, for 
crossing rivers, ravines, mountains, for overland lines in 
towns, &c. ; and it has been found that stretches from a 
quarter to three-quarters of a mile can be successfully 
maintained. 

Siemens Brothers* compound wire is said to have given 
satisfaction wherever used, not only from the advantages 
already mentioned, but also from the faCt that it guarantees 
greater economy in the maintenance of lines, and that 
fewer interruptions and disturbances occur than with lines 
of ordinary construdion. 

These considerations justify a greater first outlay 
for material, and give the compound wire the preference, 
as being in the long run the cheaper material. 

The table at foot shows the diameters and weights of 
ordinary iron wires and of compound wires of equal con- 
dudivity. 

The joint consists of a flat brass tube. The two 
wire-ends are pushed into the tube at each end, and are 
opened out in the centre by a pointed steel drift. A 
rivet is inserted in the hole thus formed ; the ends 
of the wires are bent round outside the tube, and the 
entire joint is finished by soldering. 



Iroh Wxrb. 



Diameter 



ifillim. 

6'00 

5'50 
5-00 

4*50 
4'oo 

350 

3 '00 



lochet. 

0*236 
0*216 
0*197 
0177 
0157 
0*138 

0-1x8 



Weight 

pet 

Statute 

Mile of 

2760 yds. 

in lbs. 

770 

645 
537 
433 
B4I 
264 

193 



Qaantity 

rcauired for 

z Statute 

Mas. 

including 

slack, in 

cwu. 

725 

6*00 
500 

4' 10 

325 

3*50 

Z'84 



Condudivity, 

or Electrical 

Resistance per 

Statute Mile in 

Siemens Units, 

at59«F. (i5«C.) 

for Iron and 
Compound Wire. 

7*62 

907 

10*98 

13*5^ 

1714 
32*40 



Compound Wire. 



Diameter. 



Miltiro. 

325 
3*oo 
2*75 
2*50 
225 
2*00 

X75 



Inches. 

0*128 
0*118 
0'X08 
0*098 
0*089 

0079 
0*069 



Weight 

per 

Statute 

Mile of 

x;r6o vds. 

in lbs. 

248 
208 

173 
142 

6s 



Quantity 

required for 

z Stat. Mile, 

including 

5 per cent 

for slack, 

in cwts. 

2*32 
1*95 
1*62 

1*33 
1*07 

0*82 

0*61 



Breaking 
Strain 
in lbs. 



1670 

1365 
1 120 

920 

74« 
600 

458 
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Notes. 
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In working automatic, duplex, multiplex, or chemical 
telegraphs at high speed, a great obstacle to rapidity of 
transmission arises from the fadt that the lines become 
surcharged with an induced current, the result being that 
a discharge continues at the receiving end of a line after 
the battery circuit of the transmitting station has been 
broken. A *' tailing ** is thus produced, which in rapid 
writing fills the spaces between the letters, the result 
being a long indistinguishable dash or line. Interference 
is greater on wires worked with double currents than when 
worked with single currents. There is thus with the em- 
ployment of iron wires a limit to rapid telegraphy on 
aerial lines. This indudiive interference between sus- 
pended wires increases with the diameter (upon which 
depends the surface and inductive capacity) of the wire, 
and decreases with increase of distance between the wires 
themselves. As crowded poles do not allow of increased 
distance between the suspended wires, it is necessary, in 
order to facilitate the urgent requirements of rapid tele- 
graphy, to employ wires of small diameter. The best 
results are obtained by the use of compound wire. 



IMAGES PRODUCED BY LIGHTNING. 

A LETTER of Professor W. L. Brown, of the University of 
Georgia, to the American journal of Science and Arts^ 
calls attention to a remarkable instance of the formation 
uf impressions upon the human body by a lightning stroke, 
and encloses letters of Messrs. E. G. Simmons and T. N. 
Hawkes, of Americus, Ga., where the occurrence took 
place, describing the circumstances and some of the 
details of the phenomenon. 

On the i2th of July, 1875, at about 4 p.m., as Mr. Sim- 
mons states, a stroke of lightning fell upon a house in 
Americus, rendering insensible for a time four persons 
who were seated in one of the rooms. The two outer 
sides of this room, which was at a corner of the house, had 
each one window, and nearly opposite these on the two 
other sides were the chimney and the door respectively. 
Outside, a tree stood in front of each of the windows, and 
about twelve feet from the house. A third tree, a locust, 
stood opposite the outer corner of the room and about the 
same distance from the house as the others. This tree 
was severed by the lightning, but the other two were not 
affeded. A young child was sitting near the centre of the 
room, while the mother and a young lady were seated not 
far from the chimney, near which, and close to the wall, 
was another child. 

All these persons were rendered insensible for a time by 

the stroke which severed the tree, and on their recovery 

there were found impressed upon the bodies of them all 

more or less distindt images of this tree. It was most dis- 

tina in the case of the child near the centre of the room. 

Mr. Simmons says, " the child is impressed upon its back 

and exadlly opposite upon its stomach. The entire tree is 

plain, and perfed in toto ; every limb, branch, and leaf, and 

even the severed part, is plainly perceptible. It is a perfed 

photograph of the tree, and could not have been made more 

perfed by a painter's brush. It impressed the young lady 

upon the left hip and right leg,'* the mark being quite as 

perfea as that upon the body of the child. The mother 

and other child also bore less distind impressions upon 

the leg. Mr. Hawkes says, •• I saw the youngest child 

and the marks upon it. The marks on the lower part of 

the spine are exadtly of the shape of a branch of the locust 

tree. Where the leaves are, on the branch, the mark does 

not take the shape of the entire leaf, but only of the skeleton 

of a leaf. The mark was about twelve inches long, and 

had a fork, exactly like the locust limb. It looked as though 

the blood was drawn to the skin along the marked part." 

The marks were not permanent, as Professor Brown, in his 

letter dated August 7, adds, «• a recent letter informs me 

char the impressions are no longer distin^." 



Although many similar cases have been reported, the 
phenomenon described is rare enough to make a well- 
marked instance like this worthy of record. The formation 
of the images in all such cases is readily explained by i 
peculiarity in the mode of the ele&ric discbarge under 
certain conditions, by imitating which it is possible to pro- 
duce similar figures artificially with an ele^rical machine, 
such as the Holtz machine, capable of giving ele^ricity of 
very high tension. When the poles of the latter are 
strongly charged and are separated to the distance oft 
few inches, the discharge, instead of producing a spark or 
brush, sometimes consists of a very small jet upon the 
negative, and a sort of phosphorescent glow upon tbe 
positive. The space between them, though not luminons, 
is the seat of a discharging adion which appcuirs to tike 
place along definite lines, like a stream or current, and is 
sometimes called the dark discharge. An objed placed 
between the poles, and in the path of the discharge, inter- 
rupts this, and destroys the glow upon the positive pole ia 
points corresponding to the lines thus broken ; and in this 
way there is produced an image or shadow of the interposed 
objed, which is often strikingly distinA and peried. 

In the case above described the phenomena are rea^ 
accounted for, if we suppose the thunder-clond to haie 
been negatively charged, and the tree to have stood in the 
path of the dark discharge which preceded or accompanied 
the lightning stroke, the a^ion having been suffidenUj 
intense, and the (quantity of eledricity great enoogh, to 
produce a visible impression upon the delicate tissnes cf 
the skin. 

A more particular account of the subjed may be foood 
in two articles published in the American youmalofScumt 
for May. 1870 (p. 381), and June, 1871 (p. 437). 



NOTES. 



Mr. J. B. Fuller, writing to the Scientific Ammca, 
says — ** A few weeks ago my watch, for the first time ia 
ten years, refused to go. Till then it had kept ccrred 
time, and was then in good repair, having been recently 
cleaned. When it first began to stop I would start it by 
the key, and it would sometimes run a day ; but finally it 
stopped entirely. I had it carefully examined by aa 
expert, who, although he could find no cause, failed to 
make it run even for an hour. I am running at my worb 
a powerful magneto-eledhic machine for depositing 
copper ; and having noticed that I could magnetise t 
piece of soft iron at a distance of at least 6 feet from tbe 
machine, so that it would lift and support the weight of a 
large nail, I became impressed with the idea that some of 
the steel parts of my watch had become permanently 
magnetised ; so I made a watch repairer take it apait 
Having some fine soft iron filings, I dipped the balance- 
wheel, escapement-wheel, lever, and hair spring into tbe 
filings ; and each piece raised up at least one-half its 
own weight of the filings, showing all the polar charac- 
teristics of the particles. I have read of watches being 
spoiled by magnets, bat had no idea that it was unsafe to 
go into a room containing a magnet. The watchmaker 
thought he might ** brush it off'* for about a dollar: I let 
him brush on it three days as a lesson in magnetism, aad 
then told him that nothing short of heating it red-bol 
would demagnetise it. He put in new parts, indading a 
new mainspring, which was also infeted« and the wattk 
now runs as well as ever." 
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The same journal announces the death of Dr. Leverett 
Bradley, who died recently in Jersey city, N.J., in the 
77th year of his age. For a number of years Dr. Bradley 
has been well known as an electrician of considerable 
ability ; but he is best known from the invention, which 
he patented in 1865, for winding helices with uncovered 
wire. In 1859 he secured a patent for an automatic tele- 
graph apparatus, with which, on a short circuit, he suc- 
ceeded in recording about 15,000 words per hour, but be 
was unable to pra^ically work the apparatus on a tele- 
graphic line of ordinary length. In 1873 he obtained a 
patent for an apparatus for eledtric measurement, being a 
combination of a tangent galvanometer and rheostat, 
which proved very successful, and is now being much 
used in colleges and other institutions of learning as a 
means of instrudion and experiment. 



ELECTRICAL SCIENCE IN FOREIGN 

JOURNALS. 



This column is devoted to a list of Ele<5trical Memoirs pub- 
lished in Foreign Journals. Those of importance will be either 
translated in full or given in abstract.) 



yournal Telegraphique. Vol. iil.. No. g. 
Septcmr 25, 1875. 

The St. Petersburg International Telegraphic 
Conference. — Conclusion. 

Description of a Special Lightning '* Proteaor " 
for Aerial Lines. — J. F. Vaes. — A metal ring about i\ 
centimetres wide, and 2\ centimetres diameter, is cut in 
two : on one side the two ends are joined together by a 
hinge ; on the other they are closed by means of a screw. 
This metal ring surrounds a hardened wooden reel, like- 
wise divided in half, and perforated through its axis. 
The metal band is retained in position by the raised 
edges of the reel, and to its inner side a " preservative " 
point of aluminium bronze or platinum is fixed, which 
penetrates the reel to within i or 2 millimetres distance 
from the hole through it. In order to attach this '* pro- 
testor " to a telegraph wire, the metal band is opened, 
and with it the two halves of the reel. It is then placed 
upon the line wire, and closed by the screw so that the 
wire occupies the axial perforation. To the head of the 
screw is then fastened a gutta-percha-covered copper wire 
Mrhose other extremity is affixed to a metallic plate in the 
post, or some other " earth.'' In this little device it is 
impossible for the ** preservative " point to touch the 
wire; and it is, moreover, shut out from atmospheric 
influences, (i). The aperture of the reel should have its 
diameter a little smaller than that of the wire, in order 
that the ** protedor " be properly fixed. (2). To fill up 
the cleft that will always exist, more or less, between the 
two halves of the reel, place there some gutta-percha, or 
tarpaulin, before the reel is fastened : these materials, by 
compression, will entirely fill the cranny. (3). In times 
of thunderstorms the ** protestor " will give rise to 
derivations by reason of the small distance of the exterior 
surface of the band from the telegraph wire. Many 
means are available whereby this inconvenience may be 
remedied. It will be insufficient to varnish the metallic 
parts ; it is much better to lengthen the reel, or to give 
greater height to the raised edges. Another means con- 
sists in covering the wire with an insulating layer for 
some centimetres on each side of the " protedtor ; *' but 
that which appears to be the most simple and efficacious 
is to as it were " house " the ** proteAor,'* so as to proteA 
it fron the rain. (4). The construAion, though based 



on the principles expounded, may be varied considerably, 
such as by replacing the single point with several points, 
or with a many-toothed metal plate, &c. (5). It may 
also be used without altering the supporting poles. One 
is not limited in the choice of situations, and one may 
thus reo^ulate eledtrical discharges at convenient distances 
from cables and instruments, so that in case of a storm 
they would be found much less exposed to derivations. 

General Theory of Duplex Telegraphy. — Third 
part. 

General Statistics of Telegraphy in 1873 and 
1874. 



COMMERCIAL NOTES. 



The report of the diredlors of the West India and 
Panama Telegraph Company, Limited, for the six 
months ending June 30, 1875, to be presented at the half- 
yearly general meeting on the 22nd inst. states that the 
amount to credit of revenue account is £'26,130 17s. 6d., 
and the expenses have been ;£'i5,i40 is. iid., leaving a 
balance of £'10,981 15s. 7d. Out of this amount the 
directors propose paying 7s. 6d. per share on account of 
the arrears of dividend on the first preference shares, and 
carrj'ing forward £1606 15s. 7d. to the next half-yearly 
accounts. The sum of £1875 was received during the 
half-year on account of subsidies. It is anticipated that 
further sums will be received upon the completion of the 
negotiations with the colonies which, when paid, will be 
brought into revenue account. The increase in the traffic 
receipts for the half-year is £9308, or 67 per cent in 
excess of the receipts for the corresponding period of 
1874. This increase is principally due to improved 
service, and to the fadfc that receipts from the Jamaica- 
Colon cable, amounting to £2900, are included in this 
half-year's accounts. The capital account has necessarily 
undergone considerable alteration since the publication of 
the last balance-sheet, in consequence of the settlement 
with the India-Rubber, Gutta-Percha, and Telegraph 
Works Company, payments for cables completed and 
handed over to the Company, and other matters. The 
Punta Rassa-Key West cable, belonging to the Inter- 
national Ocean Telegraph Company, was interrupted from 
ist to 13th June last. The Directors are informed that 
the sedlion has now been duplicated, whereby the commu- 
nication between the United States and this company's 
system is rendered more reliable. The Trinidad St. Croix- 
Ponce se<5tion of cable, stated in the last report to have 
been completed on the 25th of March, having been certified 
by the engineers, was opened by this company for traffic 
on the 25th of April, 1875, since which date it has conti- 
nued in good working order. £275,000 in ordinary shares 
of the company have been paid to the Central American 
Telegraph Company, in terms of the agreements with 
them. The line of cable contra<5ted to be laid by the 
Central American Telegraph Company for this company 
between Demerara, Cayenne, and Para, has not yet been 
certified by the company's engineers, and consequently 
has not been taken over, but an agreement has been en- 
tered into under which the cable is to be worked for a 
period of three months, without prejudice to any question. 

The Eastern Telegraph Company (Limited), in connec- 
tion with the Eastern Extension, Australasia, and China 
and Brazilian Submarine Telegraph Companies, state in 
their circular for the month of September last the latest 
dates of messages received in London from India, China, 
Australia, &c., by the dired cable route of the Associated 
Companies, which continued working with uniform speed 
and efficiency ; that the average time the messages 
occupied in transit had been from Calcutta seventy 
minutes, and from Bombay fifty-five minutes. The 
Eastern Extension Company's cable between Singapore 
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■nd Batavia had been restored, having been interrupted 
for repairs during Ibe liisl half of the month. The Indian 
Government Lines between Ahmedabad and Decsa were 
swept away by fioods, and all communication with India 
and the East (excepting to Kurrachee) by the tand route 
was in consequence inltriupted from the aotb to the 2Sth 
of Seplembei, between which dates the whole of the Indian 
trafSc passed over this company's lines. 

The Submarine Cables Trust announce that the coupons 
for the half-year, due on the 15th insl., will be paid as 
usual by Messrs. Glyn, Mills, and Co. on and after that 

The interim dividends of the Globe Telegraph and 
Trust Company. Limited, for the quarter ending the iSih 
inst., will be 3s. per Share on the Preference Shaies, and 
3s. per share on the Ordinary Shares, both payments 
being at the rate of 6 per cent per annum per share. The 
warianis will be payable on the igih inst. 

On Thursday, the Tlh inst., a meeting of fhareholders 
of Hoopers Telegraph Works. Limited, was held at the 
Cannon Street Hotel, to receive the report of the Com. 
mittee appointed at the meeting held on the 23rd of last 
month. The Committee have been hard at work, but the 
figures and details to be examined and digested are so 
numerous that the Committee have been unable to drsw 
up a carefully- considered report for presentation 10 the 
shareholders, and therefore the meeting was adjourned for 
another month. So far, however, as the Committee hav^ 
gone, the fafls elicited are not of a discouraging charadcr, 
but, on the contrary.aic of a nature to somewhat re.iEsuic 
those who have, since the discovery of the defalcations of 
the secretary, taken a pessimist view of the position and 
prospers of tlie Company. Mr. Walter Hancock, a mem- 
ber of the Committee, and a gentleman well known as an 
efficient telegraphic engineer, stated to the meeting that, 
from a personal inspection, he had satisfied himself that 
the works have been most ably laid out, and efliciently 
and economically conslruAcd. He considers that, if more 
moderate dividends had been paid, the Company would 
now stand worth zos. in the pound. The meeting, on tLe 
whole, was of an encouraging charader, and one or two 
gentlemen ventured to express a hope that iheie may yet 
be a future for the Company. 

Accordinglo the report of the Direflors of the Eastern Ex- 
tension, Australasia, & China Telegraph Compy., Limited, 
presented at the general meeting on Monday, the nth ins., 
the gross earnings for the half-year have amounted to 
;fito,754 as. 3d. The working expenses, cost of repair 
and maintenance of cables, payment of income tax, 
interest on debentures, &c., amount to ^28.473 i3!. gd., 
leaving a balance of profit of £82,280 33. 6d. for the half- 
year. An interim dividend of ij per cent, amounting to 
;fig.p6i los. has been paid, and it is now proposed to 
distribute a further interim dividend of i J percent, leaving 
the Bum of £22,^55 3s. 6d. to be carried forward. The 
debenturedebt,lakencverhythisCompany from the China 
Submarine and British-Indian Extension Companies, has 
been reduced by ^3200, leavingabalanceof £4700, of which 
a further sum of £1500 has been redeemed since the com- 
mencement of the present half-year. By a resolution 
passed at the special general meeting, held on June jth, 
1875, an issue was authorised of 3200 debentures of £100 
each, bearing interest at the rate of 6 per cent, for the 
purpose of laying the cable between Sydney and New 
;tealand, tuid the greater portion of the «ame has been 
taken up and allotted to the shareholders at par. The 
•.s. Edinburgh has left England, and the s.s. Mibcraia 
will leave in the course of the present month, with 
the cable, which it ia anticipated will be laid early in the 
eoiuing year. The company's cables ate woiking 
•atiifaaorily. 

The traffic receipts of the Brazilian Submarine Tele- 
gniF)> Compui;', Limited, for the month of September, 



The Submarine Telegraph Company's receipli Ua the 
month of September amounted lo ^10,013, being in ia- 
i:rease oS £llt over the corresponding month of last year. 

The estimated traffic receipts of the Anglo-Amciicai 
Telegraph Company for the 6th inst. were jfzSoo ; oti the 
7th, £3650 ; on theSih, £2500; on the gth.zioo; ontlie 
loth. £690 1 on the nth, £2140; on the lath, £1540,1* 
compared with £2118. the aiflual daily average fair ike 
lib of Oiflober last year, when the same rate of 41. 
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PATENTS. 

APPLICATIONS FOR LETTERS PATENT. 

3416. John Henry Johnson, of 47, Lincoti't te 
Fields, Middlesex, fur an invention of ■• Improycmeitl ■ 
eleflro-magnetic engines." — A coromunication n bi 
from abroad by Jos£ Santiago Camacbo, a[ PaiU,iilk> 
republic of France, — Dated Oflober i, 1S75. 

3431. John Allen Morton, elearic bell buipt, rf 
Newcastle-upon-Tyne, for an invention of "A aw « 
mproved self-adjuiting ele&ric-bell indicatoi."— IM' 
Oflober 2, 1875. 

3466. William Proa6er,genileman, of St. Lnke,CW» 
Middlesex, for an invention of " ImprovcmeDt* in In^ 
adapted to the eledlric light and in the iaanipiil)Uibsrf 
the means employed for the supply of the eleaoc 90 
thereto."— Dated Oflober 6, 1873. 

NOTICES TO PROCEED. 

39^6. Camille Alphonse Faure, of TnfiUear SfMIl 
Chariog Cross, Weitmlnster, has given notice in temli 
of the invention of " Improvementa in tternts-^&l 
batteries and eledlro-motprs." 

3364. William Robert Lake, of the finn of Bi^llK 
Lake, and Co., Patent Aifentt, SontfaampUHi BvUMb; 
London, has given notice in reapeA ctf tba iafcMilvZ 
" Improvements in magneto-elpaiic macUnm.'^— A MM 
munication to hii» b^ •bEoad bgr Jjn BjUiM FAM 
BiDoklyo, New Ypik, iui4 J«^ (<«»Uad rili^fll 
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Norwich, CoaDcfUcut, both in the United States o( 
America. 

PATENTS 
On which TH8 Stahf Duty of /50 has beem paid. 

AND DATES OF THBIK PRODUCTION FOR CeRTIFICATIJ. 

3933. Carl Heinrich SiemcDE, of 3. Great Georgt 
Street, Westminster, Middlesex, civil engineer, for an 
invention of " ImprovemcnlB in eleflricaf step -by- step 
instiumeals and apparatus fai giving and receLvin^ tele- 
graphic messages, and for communicatmg signals and 
controlling point and signal apparatus on railways, also 
partly applicable to oilier signalling purposes."— Parily a 
communication to him from abcoad by Ur. Werner 
Siernens, of Berlin, in ihc empire of Germany. — Dated 
Oaober 3, 1871. 

PATENTS GRANTED IN BRITISH COLONIES 

AND DEPENDENCIES, 

V:ctor:a. 

Application 3 for Patents which have bieh 



3005. Robert Russel, archiiea, of 5, Park Hill 
Terrace, Hoddle Ulreel, Melbourne, Vietori.i, for an 
invention of "ImprovemcnlB in telegraphy." — Dated 
December 24, 1874. ■' Tbc objeA of the invention it to 
Knd such information by telegram as will enable ll.e 
opctaior at the receiving station to produce a copy of a 
■ignature, drawing, &c. To efieit this, a pice of trins- 
parem paper, properly divided into numbeted square*, is 
placed on the drawing, Ac. and the position of the 
various lines, shades, &c., with respefl to the several 
■quaret, is telegraphed to the receiving operator." 

GRANTS OF PROVISIONAL PROTECTION FOR 
blX MONTHS. 

31S7. Joseph Rogers, elefltician, of Owen's Row, 
Goswell Road, Middlesex, for an invention of " A new or 
improved galvanic shield or protedor fur imparting 
eleariciiy to the chest and lungs and other parts of tbc 
human body." 

3143. Edwin Powlcy Alexander, consulting engineer 
and patent agent, of 14, Southampton Uuildings. 
Uiddletex, for an invention of "Improvements in maj;neto- 
elcAric machines and in elei3ro-motive engines."— A 
commuotcation to him from abroad by Emile Uiirgin, of 
FariSi in the republic of France, engineer. 

ABSTRACTS OF SPECIFICATIONS. 

Improvtmiati in Titrgraflty. Ruben Coddinglon, of 
88, Piccadilly, Middlesex. {A communication from 
Meiritt Oally, of Rochester, state of New York, United 
States of Notlh America.) March ij, 1875.— No. 1118. 
The objea of this inventioQ is, tint, 10 produce simple 
apparatus, easily adjusted, and not necessitating the use 
olFeaittance coil*, double batteries, or divided currents; 
secondly, to allow intermediate offices to be transmitting 
diHerent messages without interrupting a through 
meslage passing in an opposite di teuton ; thirdly, to 
allow meuages to lap by or overreach each other without 
ConfliA 1 fourthly, to allow ciiber or both of the messages 
pntnng in opposite direSions to be ilropped at any 
number of, or at all, the intermediate stations ; fifthly, to 
up coDstrvfl the manipulator as to malce it available 
either as transmitter, receiver, or repeater; and sixthly, 
to furnish improved devices for iransmitting or receiving 
inaitumcnls without reference to the particular system ot 
circuits, &Q. 

ItHproviintnlt in Galvanic Balterits, Alfred Bennett, 
telegraph engineer, of 60, Lorrimore Road, Surrey. 
Uatchii, 1875.— No. iifig. The objefi of this invention 
te'ta produce « cheap, constant, and effefiive gal' 



n, gold, silver, nickel, or cobalt packed in a cell of 
I porous material, advantageously of earthenware, with 
I pieces ot carbon, cuke, cinders, or charcoal or a mixture 
] of any of these with peroxide of manganese, also placing 
! near the boltom of tlie porous cell or diaphragm a small 
i i]uantity of nitrate of cobalt, pyrogallic acid, pyrogallate 
of potash, or pyrogallate of so:Ia. As a positive, an 
I elc^rode of zinc (nhiLh may be amalgamated with 
I mercury) immersed m a solution of hydrate or protoxide 
of potassium or hydrjte or proioxide of sodium is used. 
I A smnll portion ot the solution us;d may also be added 10 
the ncgaiiv.: portion of the cell, but it is desirable to allow 
I it to reach these by pcicclation through the porous 
diaphragm. When a powerful but intermittent flow of 
I eledticiiy is required, the following combination miy be 
I advantageously used. A negative eleflrodc of platinum, 
^ gold, silver, nickel, or cobalt, or any suitable substance 
eleflro-platcd or otherwise coated with platinum, gold, 
silver, nickel, or cobalt, packed in a porous diaphragm 
with pieces of carbon, coke, cinder;, or charcoal mixed 
with peroxide of manganese. As a positive, an eleflrodc 
of zinc (which may be amalgamated with mercury) in a 
solution ot any salt of ammonia, by preference the 
chloride. A poition of the solution as used may also be 
added to the negative. According to another part of this 
invention a negative of nickel is used or of any suitable 
siibstancc eleilro-plated or otherwise coated wiih that 
metal, immersed in a solution of a salt of niikcl as the 
niirale or sulphate or of cbalt or any suitable r.iibstance 
electro-plated or otherwise coated with tliat metal 
immersed in a solution of a salt of cubilt as the nitrate or 
sulphate. The positive portion of the cell consists of 
zinc. As the essential part of the battery is c—'--—" 
the solution used with the zinc 
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P.VFENTS GRANTED IN FOREIGN STATES. 
Uelcium. 

37.856. E. Biirgin, for an imported invention of "Ao 
electro- magnetic engine." — Dated September 13, 1873. 
(French patent, September 11, 1S75.) 

37904, R. R- Harper, for "An e I tflro- telegraphic 

ajiparatus for railway irafUc." — Dated Sepieinber 31, 1873. 

United States. 

i0e,7l2. TcUgrabh TraasmiU.-n. II, Mldd'tloD, 
Charleston, S.C. Filed June 10, 1S75.— 1. The finger 
springs d", in combination with the fin;; r keys K and K* 
and insulated cores .1'. substanti.illy as and for the pur- 
pose described. 2. Ihe linger keys K and K', having 
springs f applied thereto, as shown, in combination with 
the nTetallic letters V», substantially as and for the pur- 
pose described. 3. The bar Q, with its supports T and 
T' and adjusting screws x, in combinatior) with the 
metallic letters V*, substantially as and for the purpose 
described. 

166,859. Chemkttl Telegraphy. Thomas A E lison, 
Newark, N. J., assignor to himself and George Harrington, 
Washington, D.C. Filed July 15. 1874.— Current 
passing through moistened paper causes evolution of 
liydrogen. which, uniting with tellurium of stylus, forms 
hydrolelluric acid, leaving red mark on paper, i. The 
Tielhod of recording telegraph or other signals by the 
tledlro decomrosition upon moistened paper or other 
material of a stylus tellurium. 2. A paper moistened 
.viih hydrates of lime, potash, or the cyanides of potas- 
sium, for use with a tellurium stylus, for the purpose set 

i56,86i. Chemical Telegraphy. Thomas A. Edison, 
Newark, N.J., assignor to himself and George Harrington, 
Washington, D.C. Filed July 25, 1874.— Oxygen evolved 
at stylus raises protoxide to a sesqui or peroxide, which 
combines with the sulpho-cyanide of potassium, to form 
red sulpho-cyanide of iron. The combination of a proto- 
■alt of iron, sulpho-cyanide of potassium, (ad « aoa.' 
«xidiiabl« ityliu, iot we purpose* Kt forth. 



igS 



Patents. 



t £LKcntiC4L Nm, 

\ oa. 14. 1875. 



166,876. Compound Telegraph Keys. Marcus L. M. 
Hussey, Menlo Park, assignor of one-half his right to 
George W. Barker and William Eitinger, Jersey City, N.J. 
Filed August 5, 1875. — In base of key is formed a switch- 
board, so that by revolving the key it may be thrown into 
any desired one of the circuits connected thereto, i. The 
combination, with a single key, of one or more anvils, 
each representing a different wire or circuit, and all so 
arranged that the movement of said key or its support 
serves to bring said key into suitable conned^ion with any 
desired one of said wires or circuits, substantially as 
described. 2. The combination of a single key lever, 
contadl point, and anvils, as described; with a connedor 
and local contadl, so arranged that upon the movement 
of said key to connedl with any one of the line circuits 
the local battery and proper sounder connections are 
simultaneously made, substantially as and for the pur- 
poses set forth. 3. The combination, with the main or 
operative lever, of an auxiliary or spring lever, adapted 
to hold the main circuit closed when such circuit is not in 
use, whereby but a single contad^ point is needed, sub- 
stantially as and for the purposes set forth. 4. The com- 
bination of two discs or plates, one provided with a 
single key lever and the other provided with one or more 
contadt points, through which various telegraphic circuits 
pass, one plate being movable in relation to the other, 
whereby the movement of one plate upon the other brings 
the key lever into position to operate any desired circuit 
of the series, substantially as set forth. 5. The com- 
bination of the key, the table C, and spring O with posts 
M, circle connedtor M', and post N, substantially as and 
for the purposes set forth. 6. The combination of the 
key A and latch spring A'a with the circuit-plate G, posts 
K and I i, substantially as and for the purposes set forth. 
166,877. Electric Lights, Steven Alexandrovitch 
KoslofF, Paris, France. Filed June 23, 1875. — i. The 
carbon eledtrodes provided with insulated supports inde- 
pendent of the metallic conductor, substantially as herein 
described. 2. The combination of the carbon pins /, 
having the enlarged ends d^ with the metal conductors ^, 
inserted into the said enlarged ends of the carbons, sub- 
stantially as shown and described, for the objedt specified. 
3. The combination of the carbon pins /", having the 
enlarged ends d^ the wires e, and the links 0, flexibly 
connecting the said wires and the principal condu(5tors, as 
herein shown and described. 4. The supporting column A, 
arranged within and filling a portion of the globe or 
cover k, substantially as and for the purpose herein 
specified. 

166,911. Printing Telegraphs, Alois Wirsching, 
Brooklyn, E.D., N.Y. Filed April 29, 1875.— Circuit to 
printing magnet is through a metallic pin upon escape- 
ment wheel, and a metallic pin attached to insulated 
collar ujjon type wheel shaft, the two being brought 
together by the stopping of the escapement wheel. 
When the wheel begins to revolve the pin upon it is 
carried forward by the stress of the coiled spring against 
a non-condu(5ling pin projecting from the insulated collar. 
In combination with the escapement wheel, mounted 
loosely on the type wheel shaft of a printing telegraph, 
and connected to the same by a spiral spring, and with 
the armature of the line magnet, the pins^ h 1, insulated 
metallic collar /, spring m, and printing magnet C, sub- 
stantially as and for the purpose set forth. 

167,162. Electro-therapeutic Appliances, Elizabeth 
J. French, Philadelphia, Pa. Filed July 9, 1875.— Claim. 
— '* I. The galvanic element consisting of the triple strip 
Ax, formed of strips of zinc, copper, and brass, substan- 
tially as and for the purpose set forth. 2. The triple 
strip Aj, consisting of strips of zinc, copper, and brass, 
combined at one end, and formed into the shape of a 
horse-shoe magnet at the other end, substantially as and 
for the purpose set forth. 3. The triple strip Ai, in com- 
bination with the eye E, substantially as and for the pur- 
pose set forth. 4. The triple strip Ai, consisting of strips 
of line, copper, and brass, one of the strips being formed 



with the laps or folds a, holding or securing together all 
the strips, substantially as and for the purpose set forth.*' 

^671^73* Galvanic Batteries, Edward A. Hill, 
Chicago, 111. Filed July 20, 1875. — Brief. — *• Prevents 
the flow of the sulphate of copper to the zinc by means of 
a tube and plate of lead suspended above the sulphate of 
copper. While furnishing a plate upon which the copper 
will be deposited if the sulphate of copper solatioo rises 
too high, the tube and plate present also a convenieat 
means for the introduction of the fresh sulphate of 
copper.** Claim. — " i. The device B, construdedofkad 
or other incorrodible metal, when supported above the 
bottom of the containing cell, substantially as and for the 
purpose herein specified. 2. The combination of the 
device B with the copper or — plate, having snppons 
fixed or resting thereon, substantially as and for the 
purpose specified.'* 

167,242. Automatic Telegraph Apparatus. Otto Heikd, 
Jersey city, N.J. Filed June 5, 1875. — Claim. — ** i. The 
rollers 3 3, upon the wires 2 2, and within the grooved 
wheel or bar, in combination with the cord <2, and drnnt- 
closing mechanism, substantially as set forth. 2. The 
swinging circuit-changer or needle o, w^ithin the helix f, 
and the permanent magnets r and 5, arranged as set forth, 
in combination with the bar x, that conneds the said 
magnets r 5, and the helix w, surrounding such bar,ai 
set forth. 3. The polarised lever /, and ink-roUer l\ 
operated by the magnets n, n^, and eledric circiiits,a 
combination with the blade m, and rollers m*, for moviag 
a strip of paper in contadt with such blade and cootigMU 
to the ink-roller, for the purposes set forth. 4. The cob* 
bination, in a telegraph transmitting instnunent, d 
movable circuit-closing rollers or blocks, a key, a migpt»- 
eled^ric machine, and gearing conneding the paiti, S8b> 
stantially as specified, for transmitting reverse coneacs 
alternately and at intervals, to form the message, as Ht 
forth.** 

Re-issues, 

6599. Electro-magnetic House Alarms. WiUiaa G. 
Russell and Abraham Firth, Boston, Mass., ezecaton «f 
William Whiting, deceased, assignors to EdwiB T. 
Holmes. Patent No. 20,970, dated July 20, dfi\ 
extended seven years. Filed July 23, 1875.— i. Tk 
improved house alarm, substantially as hereiabdoR 
described, consisting of the combination of the foUoma; 
elements, viz. : First, a series of ele^ro-magnetic ciicaiti; 
second, an indicator to designate the respe^ve drcob; 
third, an alarm apparatus common to all the cxroDliif 
the series ; fourth, the window or door springs — tbevhde 
operating, 'as set forth, to put in operation the abm 
apparatus that is common to all the circuits of tbeaenei, 
and to indicate the particular circuit of the series viack 
is attacked. 2. The combination, substantially as bdbc 
set forth, of the following devices, viz. : the sefiei tf 
magnetic circuits, the alarm apparatus conunon to all tk 
circuits of the series, and the switch for disconnedia^a 
particular circuit of the series of circuits from the abs 
apparatus without disconne^ng the remainder of ik 
series of ciLuits from the apparatus. 

6623. Dexter W. Parker, Nferiden, Conn., assigsarti 
Chas. Parker, of the same place, for ** Claw-hasuMii.' 
Patent No. 147,427, dated February 10, 1874. Fikd 
September 30, 1874. — Claim. — **The herein-desoibel 
hammer, construded by placing in the mould the pR" 
viously-prepared head, then pouring the metal for tk 
body into the mould, substantially as described.** 
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Since the day when Elecflricity was first disco- 
vered, until now, its vast importance and its 
high destinies have grown upon the human 
mind. Fresh phases of its power, fresh results, 
new means of obtaining and governing its 
adlion, and multiplied ends to which it may be 
turned, have constantly discovered them- 
selves ; till to-day it stands out as one of the 
grandest subjects presented to the scientific and 
practical world for investigation and research. 
Perhaps, however, no other Science or Art 
has exhibited so extraordinary a concurrence 
of anomalies. It is at once the most ter- 
rible monster and the most humble and 
obedient servant , its adlion is at one moment 
beneficial, at the next destru(5live ; its range is 
boundless, yet it may be ** cabined, cribbed, 
confined " at ease ; it is everywhere present, 
while its nature is only imperfec5lly understood ; 
and, to crown all, although it is one of the most im- 
portant agents in the a(5lion and the phenomena 
of the universe, and increasing knowledge of 
its applicability to the needs of our race is of 
the utmost importance, no direcfl means of as- 
certaining the thoughts and discoveries of its 
students, or of bringing them before the scien- 
tific and mechanical community, at present 
exist. Attempts have been made to supply 
this want, and journals have been started 
with the professed objedl in view of making 
public all that is known or can be learnt 
of Ele(5lricity in all its branches. But they 
have degenerated into unscientific records of 
unimportant events, and the purpose for which 
they were established has been lost sight of. 
Thus it comes that — while Engineering, Che- 
mistry, and other Applied Sciences have all 
their representative recognised organs — the 
Ele(5lrician finds himself without any current 
journal from which he can learn the events 
which are daily occurring of peculiar interest 
to himself. 



Such a want has now been supplied by the 
establishment of the Electrical News and 
Telegraphic Reporter. In its columns will be 
found the most valuable opinions of emioeot 
Electricians and scientific men all overtheworW. 
Articles will be contributed which will beofvaloe 
not only to those who study ElecSlricity as amateur 
experimentalists or scientific inquirers, but also 
to those whose daily life is bound up with the 
advancement of pradlical knowledge in all de- 
partments of the science, and who as elec- 
tricians, telegraphists, eledlrotypers, elttfho- 
platers, and chemists have continually to deal 
with the same marvellous agent of force m 
different ways. Nor will the doings of foreign 
societies be ignored as in times gone by, bet, 
in the shape of carefully prepared abstracb, 
their proceedings will be presented to our readers. 
Every opportunity will be given for the health- 
ful discussion of the science in all its branches* 
and a fair unbiassed course will be steered in 
all questions of dispute. 

This, then, is our Programme in brief. More 
we could promise, but prefer to let the new 
periodical speak for itself. The subjc<fl with 
which it will deal is of too great importance to 
need one word of recommendation. Daily a- 
perience teaches us that we are as yet on the 
threshold only of a vast expanse of elediical 
knowledge. This has to be explored, and ts 
the research gains in strength and intelligence 
the results will be far beyond all present coo- 
ception. The feat of girdling the earth o 
forty minutes will be eclipsed by great deeds 
yet to be done, and if the establishment d 
the Electrical News and Telegrapbk 
Reporter conduces to the hastening of this 
desirable end our objedl will have been gusnA 
and we shall be fully rewarded. 

Boy Court, Ludgate Hill, LondoOt E.G. 
y«ly I8t, 1875. 
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SIR CHARLES WHEATSTONE. 



Few lives illustrate more forcibly the benefit 
Science confers upon mankind than that of the 
great physici st whose death last week was more 
than a national loss. The name of Wheatstone 
was a household word in every corner of the 
civilised world. For it was a name which in 
the popular estittiate was that of the highest 
type of philosopher, as being **a pra(5lical man'* 



who really put his knowledge to some use. But 

whilst the common public can only understand 1 tained may be either a perfedl resultant, where 



tion of the velocity of elecflricity and the duration 
of the eledlric spark, made in the year 1834. 

Wheatstone's principal contribution to Acous- 
tics is a memoir on the so-called " Chladni's 
figures " — the figures obtained by strewing sand 
on vibrating surfaces. This paper was, through 
Prof. Faraday, presented to the Royal Society 
in 1833, and is published in the Transactions 
of that year. It is a masterly and important 
investigation, containing the first analysis of 
the beautiful but complex figures revealed by 
Chladni. In this paper Wheatstone shows that 
the most intricate of these sand figures can be 
expressed analytically by considering the plate 
as the seat of two redtangular systems of super- 
posed vibrations, — the resultant motion being 
the sum of the concurring or the difference of 
the opposing vibrations. The figures thus ob- 



Sciencefromthe side of bread and cheese, happily 
for himself Wheatstone's fame rests upon more 
enduring ground than this. Let us briefly sum 
up the events of his memorable life. 

Born at Gloucester in 1802, Charles Wheat- 
stone was a tradesman's son, and was himself 
for some years a maker and seller of musical 
instruments in London. A youth of remarkable 
mechanical ingenuity, and with a fair knowledge 
of mathematics, his mind — like that of Faraday 
— soon expanded beyond the narrow limits of 
trade. In 1823 he made his first contribution 
to Science in a paper published in Thomson's 
Annals of Philosophy, entitled •* New Experi- 
ments on Sound." His next papers, also on 
Sound, appeared in the Quarterly Journal of \ 
Science for 1827 and 1828. Here it was that 
pretty instrument the kaleidophone was de- 
scribed, consisting, as many know, of a silvered 
bead fastened to the free end of a vibrating 
knitting-needle, the other extremity of which 
was held in a vice. The lovely curves traced 
out by the persistence of the impression of the 
moving bead makes the instrument a simple and 
beautiful toy ; but it soon became more than a 
toy, when, by using thin recflangular rods in- 
stead of a knitting-needle, a beautiful optical 
representation was obtained of the musical in- 
tervals. Subsequently, by a most ingenious 
mechanism, Wheatstone succeeded in producing 
any desired combination of redlangular vibra- 
tions. The principle of the kaleidophone was 
afterwards also employed by Wheatstone as a 
photometer. A silvered bead was made to 



similar modes of vibration are superposed ex- 
acftly equal in intensity, or an imperfedl resultant, 
where the intensity is unequal. Notwithstanding 
the multitude and complexity of figures thus 
obtainable it appears, and we quote from his 
memoir, ** that every figure of a square surface 
which experiment can give may be reduced to a 
primary figure with parallel lines giving the 
same sound." This result is similar to that 
established for fluids in 1825 by the brothers 
Weber, in their famous researches on waves, 
and of which Wheatstone was ignorant when 
he wrote. 

In the next year, 1834, Wheatstone was ap- 
pointed to the chair of Experimental Physics in 
King's College, London. We believe he did not 
take any very regular part in the College course of 
lecflures,butthe reputation he conferred upon the 
College, and the aid he gave to his colleagues 
by his knowledge and advice, was of great 
value. Nevertheless he frequently gave short 
courses of lecflures at King's College. Before 
us, for instance, is the detailed syllabus of a 
course of eight lecflures on Sound, delivered by 
Wheatstone at King's College, in the early part 
of 1835. It would have been a gain to general 
knowledge had these lecftures been preserved, 
for the outline of them is full of interest. It 
was owing to the difficulty Wheatstone expe- 
rienced in public lecfluringthat Faraday so often 
gave an account of Wheatstone's discoveries 
on those delightful Friday evening meetings 
at the Royal Institution. Thus in 1829 we 
find Faraday lecfluring on Wheatstone's experi- 



rotate rapidly, and the illuminating power was ments on the vibration of columns of air: in 
estimated by a comparison of the refledled I 1840 he writes to his friend to let him have the 



circles of light from the two sources — a method 
peculiarly applicable to estimating the brilliancy 
of lighthouses. Thus the study of Sound led 
Wheatstone to Light, and upon these two sub- 
je<5ls were all his earlier papers, up indeed till the 



year 1840 — if we except his famous determina- \ of Science. 



telegraph subjecfl this season, for ** you know," 
Faraday remarks, ** my desire to present your 
beautiful developments to our audience." In 
1846 and in 1858 we find Faraday again 
ledluring upon Wheatstone's fertile applications 
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In a paper read before the Dublin meeting of 
the British Association, in 1835, Wheatstone 
announced the existence of rays, of definite re- 
frangibility, emitted on the volatilisation of 
metals by the eledlric spark. Fraunhofer had 
already discovered that the spe(5\rum of an or- 
dinary eledlric spark is crossed by bright lines, 
but he had not gone further than this. Wheat- 
stone shows, in the paper to which we have 
referred, that the ** bright lines differ in number 
and position in every different metal employed, 
. • . the appearances being so different that by 
this mode of examination the metals may be 
readily distinguished from each other:" a table, 
indeed, accompanied the paper, showing the 
position and colour of the lines in the spedlra of 
the various metals used. Sir J. Herschel and 
Mr. Fox Talbot had previously announced the dis- 
covery of bright lines in the specflra of flames, 
but Wheatstone seems to have given the first 
clear intimation of modern specflrum analysis. 

In the 1838 meeting of the British Associa- 
tion Wheatstone gave a summary of a paper on 
** Binocular Vision '* that appears at length in 
the Transactions of the Royal Society, At the 
meeting he exhibited an apparatus which he 
proposed ** to call a Stereoscope, from its pro- 
perty of presenting to the mind the perfedl re- 
semblances of solid obje(5ls." As is well known, 
this is the original form of the stereoscope, and 
consisted essentially of two plane mirrors in- 
clined at an angle of 90°. Sir David Brewster's 
lenticular stereoscope undoubtedly made the 
instrument more useful and more widely known, 
but was not published till 1849, and also at a 
subsequent British Association meeting. 

At a meeting of the same Association in 1848 
Wheatstone described an instrument for ascer- 
taining the hour of the day by observing the 
amount of polarisation of the light of the sky. 
This instrument — which consists essentially of 
a double-image prism and a thin plate of selenite 
enclosed in a tube pointing in the diredlion of 
the earth's axis — is founded on the law disco- 
vered by Brewster, that the plane of polarisation 
of the sky is always 90° from the sun. Hence 
when the prism ([which carries an index finger 
traversing a semicircle on which the hours are 
engraved) is rotated till no colour is perceived, 
the index will point to the right time. Unlike 
Wheatstone's other pracflical applications of 
Science, the ** polar clock," as it is termed, has 
not come into use ; it was hardly to be expedled 
it would, but as a simple and interesting piece 
of apparatus we wonder it has not found its 
way into many drawing-rooms, where, like the 
stereoscope and the polariscope, it might plea- 
santly occupy leisure minutes. 

The immense value of Wheatstone's ele(5lrical 
inventions has to some extent hidden the im- 
portance of his papers on Sound and Light. 



Moreover, his contributions are so scattered indif- 
ferent scientific publications that they are often 
lost sight of, and it would therefore be a great 
advantage if his executors were to cause his 
valuable papers to be colle(5led and published 
in an accessible form. 

We must now turn to Wheatstone's connec- 
tion with the introdudlion of and the improve- 
ments in the Elecflric Telegraph. Concerning 
the latter no one has doubted that it was his me- 
chanical genius which really surmounted all the 
obstacles that threatened to hinder the use- 
fulness of this magnificent application of 
Science. In reference to the oft-disputed ques- 
tion whether Wheatstone first introduced Tele- 
graphy, there is an important paper bearing on 
this point in the Magazine of Popular Scietue 
for 1837. This paper corroborates what is now 
generally known. The writer — dating from 
Munich, December 23, 1836 — states that Prof. 
Steinheil communicated to a recent meeting of 
the Munich Academy of Sciences a letter from 
Prof. Gauss, wherein is stated the fadl that 
signals are regularly sent between his laboratory 
and the observatory, by means of voltaic elec- 
tricity. Prof. Steinheil explained that these 
signals were for the purpose of recording the 
absolute magnetic variation, and exhibited the 
apparatus at the meeting : it consisted of a 
heavy magnetic bar suspended within a coil of 
fine wire. Prof. Steinheil further added that 
Gauss had proposed to apply this to telegraphic 
communication, using apparently the isochro- 
nous vibration of a similar bar at the distant 
extremity. Signals were indeed sent from the 
room to a distant apartment, and answers re- 
ceived. Prof. Steinheil hoping that by this 
demonstration people would be induced totiyit 
on much greater distances. To this paper the 
Editor of the Magazine appends the following 
important foot-note : — 

*' During the month of June last year, 1836, io a cook 
of ledures delivered at King's College, London, ProliessQr 
Wheatstone repeated his experiments on thevdocitfof 
eledlricity, which were published in the PhUosoficd 
Transactions for 1834, but with an insalated circuit of 
copper- wire, the length of which was now increased to oeaiijr 
4 miles : the thickness of the wire was ^th of an inch. . . 
But, which has a more dire^ reference to the subjedofosr 
esteemed correspondent's communication from Monicfa, 
Prof. Wheatstone gave a sketch of the means by whid 
he proposes to convert his apparatus into an eledrical 
telegraph, which, by the aid of a few finger-stops, will io- 
stantaneously and distinctly convey commonicatioDS te» 
tween the most distant points. These experiments are, 
we understand, still in progress, and the apparatus, as it 
is at present constructed, is capable of conveyiog tkiitj 
simple signals, which, combined in various manners, wil 
be fully sufficient for the purposes of telegraphic comiBih 
nication." — Magazine of Popular Sci€nc€^ vol, iiL,p. i». 

De la Rive, in his " Treatise on Eledlridtyr 
takes the same view of the case. He writes :— 

'* The philosopher who was the first to coatiibiiie tgr 
his labours, as ingenious as they were peisc fc n ng, ii 



Blsctsical Nbws,1 
Nov. I, 1875. f 



Sir Charles Wheatstone. 



203 



giving to eledric telegraphy the pradlical chara(5ler that it 
now possesses, is, without any doubt, Mr. Wheatstone. 
This illustrious philosopher was led to this beautiful result 
by the researches that he had made in 1834, upon the ve- 
locity of eledlricity, — researches in which he had employed 
insulated wires of several miles in length, and which had 
demonstrated to him the possibility of making voltaic and 
magneto-eledric currents to pass through circuits of this 
length. It was in 1837, i" ^^^ month of June, that Mr. 
Wheatstone took out his first patent. He first employed 
five conducing wires, between two distant stations, adding 
upon five magnetised needles, the movements of which, 
being combined two and two, were enabled to produce 
several different signs. Mr. Wheatstone, at this time, 
entered into partnership with Mr. Cooke, who had like- 
wise devised an ingenious telegraphic apparatus founded 
upon the same principles. The English philosophers, 
from the very first, had added to the telegraph — properly 
so called — an apparatus intended to call the attention of 
the observers, and designated under the name of Alarum, 
. . . The principle upon which this alarum is founded 
includes an immense number of applications, for it enables 
man to put in adtion — at any distance whatever — all the 
forces of mechanics, in an instantaneous manner. Indeed, 
more recently, Mr. Wheatstone applied it to the con- 
strudion of his dial telegraph ; and it is the same principle 
which serves as the basis of Morse's telegraph, invented 
at nearly the same period." — De la Rive^ Part vii.. 
Chap. I. 

Although it is thus made clear, and is in fadl 
generally acknowledged, that Wheatstone was 
the first to bring the elecflric telegraph to a 
pradlical issue, yet it must not be forgotten that 
other names prior to Wheatstone undoubtedly 
gave birth to the idea of communication by 
telegraph. The name of Ronalds and of Morse 
will at once occur to every well-informed reader. 
The relative claims of these men is fairly ex- 
pressed in the following extra(5l from a letter 
recently addressed to the Daily News : — 

** In the spring of 1869 a great public banquet in New 
York, at which the British Minister, Mr. Thornton, was 
present, was given to Professor Morse, who, in his speech 
on that occasion, maintained a claim of priority for 
America against England on the ground of the invention 
of the telegraph by himself in 1832, — which date he con- 
trasted with that of 1837, when Messrs. Cooke and 
Wheatstone took out their first English patent for an 
eledric telegraph. It is probably a fa(5l that Wheatstone 
knew nothing of Morse's theories and experiments, when 
he was striving to obtain the attention of the scientific 
world to his own ; but in a controversy which turns upon 
dates I would call attention to the fad that, so far back as 
1823, a pamphlet was published in this country under the 
title of *' Description of an Eledlric Telegraph, and of 
some other Eledrical Apparatus, by Francis Ronalds,*' 

• printed for R. Hunter, 72, St. Paul's Churchyard, 1823.* 
In this work Mr. Ronalds fully describes his invention, 
ivith illustrative diagrams, and foretells, in a striking 
manner, some of the public uses to which it might be 
applied. * Why,' he says, * should not our kings hold 
councils at Brighton with their ministers in London?' 

* Why should our defaulters escape by default of our 
foggy climate ? ' * Let us have eledtrical conversazione 
offices, communicating with each other all over the king- 
dom, if we can.' ' Give me material enough, and I will 
cleArify the world.' The telegraph so described in 1823 
had been, in fad, construdted by Mr. Ronalds so far back 
as i8z6, in which year he offered it to the then Govern- 
ment, receiving an official reply that * Telegraphs of any 
kind are now wholly unnecessary, and no other than the 
one now in use will be adopted.* — Dated 'Admiralty 
Office, z8z6.' The original letter, written by Mr. (after- 



wards Sir John) Barrow, Secretary to the Admiralty, is in 
my possession. In 1870 Mr. Ronalds received the honour 
of knighthood for his * early and remarkable labours in 
telegraphic investigations.' " 

The great difference between Ronalds's tele- 
graph and Wheatstone's consists in the fadl 
that the former employed eledlricity of high 
tension obtained by frid\ion, and the latter em- 
ployed voltaic ele(firicity. It is this difference 
which constitutes success or failure. Ronalds's 
telegraph could never have come into pradlical 
ertiployment, as any one may judge who looks 
at his apparatus now preserved at the Kew 
Observatory. Wheatstone's telegraph, on the 
other hand, came into rapid use everywhere. 

According to De la Rive, to Wheatstone is also 
due the first idea that telegraphic lines might be 
carried across the sea, and in 1840 he had com- 
bined all the means necessary for the execution 
of a submarine telegraph, although the first 
submarine message was not sent till 1849 : the 
Dover and Calais — the first permanent — cable 
was laid in 1851.* 

Wheatstone's fertility of invention seemed 
endless. Innumerable forms of telegraphic in- 
struments he successively brought out. To 
describe each of these would be to write a 
treatise on telegraphy. The mode of trans- 
forming the alternating motion of an armature 
into the intermittent circular motion of an index 
to a dial is peculiarly Wheatstone's, and soon 
became a prolific source of new instruments. 
The beautiful ABC telegraph and its ingenious 
mechanism was subsequently devised by Fro- 
ment, and soon applied by Wheatstone with ex- 
quisite skill to the feeble alternate magneto- 
elecflric current discovered by Faraday. Perhaps 
no improvement has been so valuable in accele- 
rating the speed of messages as his automatic 
system. Here the messages are first punched on 
paper ribbons, and are transmitted, by a modifica- 
tion of a Morse instrument, at as fast a rate as the 
paper can pass between the rollers of the trans- 
mittinginstrument. In this manner messages are 
constantly sent at the rate of 120 words a minute, 
or as fast as they can be uttered by the most 
rapid speaker. This of course means after the 
words have been punched : moreover, the tape 
thus prepared can be run through a dozen instru- 
ments in succession ; hence accuracy, as well 
as speed, is secured. 

But Wheatstone did not confine his eledlrical 
improvements to telegraphy alone. Simulta- 
neously with Bain and Steinheil he solved the 
problem of elecflric clocks, multiplying at 
pleasure the indications of one clock. Wheat- 
stone's system of eledlric clocks, especially his 

• Those who are interested in the question of the intro- 
duction of submarine telegraphy should read the report of 
a valuable and interesting led^ure by Mr. Brett, published 
in the Proceedings of the Royal Institution for March 20, 
1857. 
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magneto-elecflric clocks, have largely come into 
use ; they may be seen always at work 
at Burlington House, at the Royal Insti- 
tution, and in many private houses. 

Ele(5lric registers was another of Wheat- 
stone's inventions. He devised an apparatus 
capable of being raised into the atmosphere by 
a captive balloon, and recording, every six 
minutes, at different heights, the temperature 
and pressure of the air, the moisture, the direc- 
tion and force of the wind, &c. The same 
method would enable anyone to determine at 
each instant the temperature and volume of the 
water even in the deepest Artesian well. By 
another instrument he applied magneto-elecflri- 
city to record the number of visitors entering a 
building through a door ; and not only was the 
number of times the door opened and closed 
registered, but also the time the door took in 
opening, and the facfl whether the door remains 
permanently open or not. Applied to record 
the number of copies struck from a printing- 
press, this instrument is in frequent use ; at the 
Times office, for example, several of these auto- 
matic registers are employed. Nor must we 
forget, in connecflion with these applications of 
Ele(5lricity, the facfl that Wheatstone was the 
first to employ an eledlric current as a chrono- 
scope. By this means he was able to register 
the velocity of a bullet ; a wire being broken, 
and thus the circuit interrupted, by the bullet 
the moment it emerges from the gun, and the 
current re-established by its striking a target. 
This is essentially the same system that is in 
constant use to-day at the trials of the energy 
of projecfliles. 

So far wb have considered Wheatstone's 
wonderful fertility of resource in the mechanical 
development of the elecflric telegraph. We 
must now go back to an earlier period of his 
life, and notice briefly some of his contributions 
to the less practical aspe(5ls of elecflricity. First 
in order comes his determination of the velocity 
of elecflricity, made in 1834, and which had 
such pregnant consequences, as we have already 
seen. Wheatstone, it is true, was not the first 
to prove that eledlricity travelled at an enormous 
speed. In 1748 Watson had joined the inner 
and outer coatings of a Leyden jar by an iron 
wire, 12,276 feet long, sustained in the air by 
insulating supports : the observer failed to per- 
ceive any sensible interval elapse, through the 
time taken by the discharge traversing this 
great length of wire. Wheatstone, however, 
approached the subjecfl in a far more refined 
and exadl manner. By means of his invention 
of the revolving mirror — which has since come 
into frequent use in the determination of small 
intervals — he contrived to measure the velocity 
of this discharge from a Leyden jar, and 
showed that the eledlricity must have traversed 



the wire he employefl at the rate of 288,000 
miles per second. His experiments, moreover, 
showed that the eledlric discharge takes place 
simultaneously from the inner and- outer coating 
of the jar, and arrives latest at the middle of 
the circuit. 

It must not be inferred, however, that the 
velocity of eledlricity through telegraph wires, 
much less in submarine cables, is equal to tiiis 
prodigious speed. Much to the surprise of 
electricians, when experiments in this dire<flion 
were made, the velocity of eledlricity was found 
to vary from 100,000 miles a second down even 
to 3000 miles a second. The cause of these 
enormous differences was pointed out by Fara- 
day, who showed that a retardation of the 
current took place, caused by the indudiTe 
a(5lion of surrounding condudlors ; that thus, in 
facfl, the wire became transformed into the inner 
coating of a Leyden jar. This is notably the 
case in submarine cables, where the insulating 
sheath and the ocean around play the pait of 
the glass and the outer tin-foil coating of the 
Leyden jar. Hence, from this inducflive em- 
barrassment, the current is held within the 
cable, and the rate at which signals will pass 
depends therefore upon other consideratioos 
beside those of the mere velocity of the elcdric 
wave. Indeed, the arrival of a signal throu^a 
submarine cable is — as all eledlricians know 
well — very like the incoming of some subtle 
tidal wave. Almost instantaneously an insen- 
sible thrill is transmitted to the far end of the 
wire, but this thrill is too feeble to affedl the in- 
strument, and time must elapse till fresh ac- 
cessions of power will enable the current to 
perform the mechanical motion of moving the 
needle of the receiving instruments. Hence 
greater delicacy in the receiving instmmeots 
should cause a greater rate of signalling, and 
this is acflually the case. To Wheatstone is 
due no small share in showing the cause of this 
retardation of submarine signals. Along with 
Faraday he established the fadl that the propa- 
gation of eledlricity is made, as it were, by a 
series of waves analogous to those by wfa^ 
sound is transmitted. 

We must now refer to the immense service 
Wheatstone rendered eledlrical science by the 
means he discovered for the exa<5l measuremeat 
of the resistance in a circuit. It was through 
Faraday and Wheatstone mainly that eledlridtj 
passed from its qualitative to its quantita- 
tive stage — a transition which, more than any- 
thing else, marks the progress of specialised 
knowledge. Wheatstone's paper, printed in Ac 
Transactions of the Royal Society for 1843, ani 
entitled ''An Account of severed New Imtni- 
ments and Processes for Determining the 
Constants of a Voltaic Circuit," contained a 
description of the ifieoatat aod the fam^ 
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** Bridge " which bears his name. The objedl 
of the first-named instrument, we need hardly 
say, is to measure the current strength by the 
interposition of a wire which produces a known 
resistance ; then, by varying the length of this 
wire by a definite amount, causing an equality 
in the galvanometric effedl produced by any two 
currents, which may thus separately be com- 
pared, and the relative strength of one to the 
other thereby estimated. Under various forms 
this instrument still remains indispensable in 
the cabinet of the physicist. 

But it is by ** Wheatstone's bridge *' that the 
subjedlofour memoir is, perhaps, most widely and 
gratefully remembered by physicists generally. 
Theobjedl of this instrument is too well known by 
every elecflrician to render it needful for us to 
describe it, further than to say it is essentially 
a differential instrument depending on the law 
of derived circuits, which Wheatstone was the 
first to apply to elecftrical measurement. Upon 
the same law he also describes, in the paper to 
which we have referred, the now universally- 
used " shunt," and shows how a delicate galva- 
nometer can thus be employed to measure any 
current strength, giving, too, the necessary 
formula to be used when the " reducing wire " 
— as he terms it-r~is introduced. But our space 
is more than exhausted, though we have by no 
means exhausted the benefits Wheatstone has 
conferred to both pure and applied science. 

It only remains for us to notice the personal 
loss this Journal has sustained by the death of 
Sir Charles Wheatstone. When the first num- 
ber of the Electrical News appeared. Sir 
Charles expressed to its present editor the 
liveliest interest in its future prosperity, and 
had| moreover, several communications with 
us respedling the means for increasing 
its usefulness and securing its ultimate success. 
Not only did he promise his invaluable aid, but 
even in the midst of feeble health he colled^ed 
a number of hitherto unpublished notes, and it 
was arranged that a short-hand writer should — 
by taking down his thoughts — save him the 
trouble of writing. Unfortunately for ourselves, 
and we may add for Science also. Death laid its 
hand upon him ere his kind intentions could be 
carried out. It is to be hoped that the world 
vrill not lose the benefit of his unpublished 
papers, for we believe it is no secret that he had 
obtained latterly some new results which he es- 
teemed of great value, and upon which he had 
promised us an early communication. 

As we have regarded Sir Charles Wheatstone 
only from a scientific standpoint, leaving others to 
speak of him in his kindly home life, we cannot do 
better than conclude this hasty and imperfedt no- 
tice in the words which Faraday uttered, nearly 
twenty years ago, as the lesson to be drawn 
iroflu the career of one who did perhaps more 
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than any single individual to increase the mate* 
rial and intelledual prosperity of mankind. 
Faraday says : — 

*' Wheatstone's life is an argument in favour of a large 
public recognition of scientitic education, because in 
Wheatstone we find a man both of science and pradlice, 
and his career is a strong illustration of the efFedls 
which a general scientific education may be expe^ed to 
produce. . . . Such an education teaches us to be 
neglectful of nothing ; not to despise the small beginnings, 
for they precede of necessity all great things in the know- 
ledge of Science, either pure or applied. It teaches a 
continual comparison of small and greats and that under 
differences almost approaching the infinite ; thus the mind 
becomes comprehensive. It teaches us to deduce princi- 
ples carefully, to hold them firmly, or to suspend the 
judgment; to discover and obey law^ and by it to be bold 
in applying to the greatest what we know of the smallest. 
It teaches us first, by tuition and books, to learn that 
which is already known to others, and then by the light 
and methods of Science to learn for ourselves and for 
others, — so making a fruitful return to man in the future 
for that which we have obtained from man in the past."* 

Such faithful words cannot be too often pressed 
upon the attention of the nation. 



SIR WILLIAM THOMSON'S REPORT 
TO MESSRS. SIEMENS BROTHERS 

ON TESTS OF 

DIRECT UNITED STATES CABLE, 
Taken at Ballinskelligs Bay Station, 
September 16 and 17, 1875. 



On Wednesday evening, September 15th, I 
arrived at Waterville, and proceeded thence to 
the cable station at Ballinskelligs Bay. There 
your eledlrician, Mr. Ebel, met me, and showed 
me the instruments which he was ready to put 
at my disposal for the tests ; and Mr. Gavey, 
the Company's superintendent, obligingly lent 
me a number of additional condensers which I 
desired for measuring the ele<£\rostatic capacity 
of the line. Having made preliminary arrange- 
ments, and learned that, by orders from London, 
the line was to be at my disposal from 7 till 10 
next morning, I returned to Waterville for the 
night, appointing to meet Mr. Ebel at the station 
in the morning at 7 o'clock. 

About 8 a.m. on the i6th, after some prelimi- 
nary trials of the instruments in conne(5lion 
with the cable, which showed strong earth- 
currents, I commenced testing for insulation 
with a battery of 20 cells, having its two poles 
constantly joined through a resistance of 20,000 
Siemens units, but found so great disturbance 
by the earth-currents that it was impossible to 

* Faraday, LeAnre on Wheatstone*8 Eledric Telegraph 
in relatioii to Sctence 2 Royal Intfitaiioo, jMmory xi» 1858. 
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get a result. I first applied the battery for a 
quarter of an hour, zinc to line, then for seven 
minutes line to earth, then twenty minutes 
copper to line, and lastly, thirteen minutes line 
to earth. During the whole time a galvano- 
meter, in circuit with the cable, showed strong 
currents alternately in the two difecftions, and 
varying from extreme positive to extreme nega- 
tive with great rapidity. To keep the readings 
within a convenient range I was obliged to 
shunt the coil so powerfully as to reduce the 
defle<5lion to about i-2oth of what it would have 
been with a degree of sensibility proper for 
measuring the insulation resistance. The de- 
fle(5lion was read off and written down every 
ten seconds during nearly all the time. A care- 
ful examination of these recorded results shows 
no sensible preponderance of current in the di- 
re<5lion due to the battery, whether with copper 
to line or zinc to line ; and no perceptible dif- 
ference in the currents when the line was put 
to earth direcflly instead of through the battery 
in either direcflion. The currents observed 
were frequently ten times, and sometimes more 
than sixteen times, as strong as what I after- 
wards found to be the true leakage current, and 
the extremes were about as often in one direc- 
tion as the other. The strongest current of all 
chanced to be in one of the periods when the 
line was simply to earth without battery. The 
sums of the readings taken during successive 
minutes show that the insulation resistance, 
whether with zinc or copper to line, cannot have 
been less than a megohm, and that it was pro- 
bably not less than 2 megohms. 

I next measured the eledlrostatic capacity by 
the method which I described in a communica- 
tion to the Society of Telegraph Engineers, 
published in the Proceedings for 1873. I used 
three boxes of your resistance coils with 20,000 
units on one side of the point put to earth, and 
an adjusted resistance made on a box of 10,000 
on the other side. The current from a well- 
insulated battery of 80 cells was kept flowing 
through these coils. With the condensers lent 
by Mr. Gavey. in addition to your own, I had 
80 microfarads in all. By means of the battery 
and resistance coils, arranged in the manner 
described, the cable and condensers were 
charged oppositely in measured proportions, 
then conned\ed together, kept so for about ten 
seconds,* and then discharged through the gal- 
vanometer to earth. Mr. Ebel's insulation 
galvanometer with its ordinary magnetic ad- 
justment was used, but its coil was strongly 
shunted to avoid over sensibility. Thus, after 
repeated trials, I found that when the cable and 
condensers were charged to opposite potentials 
in the proportion of 1600 to 20,000, and then 
put in connecflion with one another, the charge 

* Five leconds would have )>een quite long enough, ^ 



in the cable was overborne by that in the con- 
densers ; but with the proportion 1630 to 20,000 
the charge in the cable preponderated. Hence, 
about 1615 to 20,000 would have given zero; 
and, therefore the capacity of the cable was— 

20,000 ^g^ microfarads, 
1615 
that is, 991 microfarads Tor 0*409 of a micro- 
farad per knot, the length of the cable being 
2420 knots). 

I could have come much more closely to the 
exa<5l proportion of the charges required to give 
the zero had the cable been at my disposal for 
half-an-hour longer, or had I perceived in time 
that one of the commutators which Mr. Ebd 
had left at my disposal could, in a few niinutcs, 
have been arranged to make the requisite con- 
necflions by a simple manipulation instead of a 
somewhat cumbrous arrangement which I had 
extemporised. The quickness of this process, 
even with the cumbrous arrangement which I 
used, is such that it is much less disturbed by 
earth-currents than the ordinary tests for insu- 
lation or copper resistance. It is, in facfl, dis- 
turbed only by whatever change there may be 
in the terrestrial potential along the line of the 
cable during the ten (or five) seconds bet^-een 
the insulated wire of the cable and the battciy, 
and discharging the connedled wire and con- 
denser to earth through the galvanometer. 

The last quarter-hour of the time for which 
the cable was at my disposal was spent in i 
somewhat hurried measurement of the copper- 
resistance. The line was found to be stiD 
greatly disturbed by earth-currents. A battciy 
of 20 cells was applied during twelve minutes, 
first zinc to line and copper applied to earth, 
and then suddenly reversed, and kept so till 
10 o'clock (the time arranged for the conclusion 
of my tests), when signalling from the remote 
end commenced. During the whole twelve 
minutes there was a difference of potential be- 
tween the Irish and Nova- Scot ian earths, varying 
rapidly in amount from aleast minimum of 5 cells 
to a greatest maximum of 18 cells, but always 
in the same diredlion— the Irish earth positive 
relatively to the Nova-Scotian earth. The or- 
dinary bridge method could have given no result 
at all in so disturbed a condition of the line; 
but the simple method of defledlion (the only 
proper method for measuring copper-resistance 
in a submerged cable), in which is observed the 
difference of the readings immediately before 
and quickly after reversal of the battery, gave 
an approximate result, which in round numbcis 
I took as 7300 Siemens units. 

The cable being offered to me ag^in from 
midnight till 2 a.m. on the 17th, I made another 
series of tests at that time, for the main ol^ed 
of measuring the insulation-resistance. I fom 
the line in a much less disturbed state, andvir 



J^LVCTRICAL KbWS,1 

Nov. X, 1875. } 



Tests of Direct United States Cable. 



207 



able to make a perfedlly satisfa<5lory insulation 
test by the ordinary galvanometer method. I 
applied, however, also a new method which (no 
eledlrometer being available) I had planned to 
meet the contingency of the line being disturbed 
by earth-currents so much as to render the ordi- 
nary test unsatisfadlory, but not so much as to 
vitiate an ele(5lrometer-test. This method, 
which I think may be found generally useful for 
testing submerged cables when an eledlrometer 
is not available, is as follows : — 

1. Apply the ordinary test by battery and 
galvanometer for a certain time. 

2. Insulate the cable for a certain time and 
then shunt the galvanometer to prepare for 
No. 3 (unless you have convenieatly available a 
second galvanometer suitable for discharges). 

3. Instantaneously re-apply the battery, 
through the insulation galvanometer properly 
shunted (or a special discharge galvanometer), 
to the cable, and observe the maximum of the 
sudden deiledlion produced. 

4. Go on repeating Nos. i, 2, and 3 as long 
as you think proper, according to circumstances, 

5. To determine the proper ballistic constant 
of the galvanometer for utilising the observed 
result of No. 3, find the maximum of the sudden 
defie(5lion which takes place when a sudden 
change of eledlrification is produced by instan- 
taneously changing by a small measured dif- 
ference the potential of one elecflrode of the 
galvanometer, the other eledlrode being in con- 
nedlion with the cable. 

6. The change of potential which, in the 
operation of No. 5, would give the same deflec- 
tion as that observed in No. 3, is equal to the 
change of potential which the condudlor of the 
cable has experienced during the time when it J 
was left insulated according to No. 2. Hence 
calculate the insulation-resistance in ohms or 
megohms as in the ordinary elecftrometer me- 
thod, when the ele(5lrostatic capacity of the 
table is known. 

At 12 h. 2 m. on the morning of the 17th, the 
20-cell insulation battery (with its poles again, 
as on previous occasions, joined through 20,000 
Siemens units) was applied, zinc to cable, 
through the insulation galvanometer with a 
shunt of 5000 Siemens units on it. Then, 
commencing at i2h. 2 m, 50 s., the galvano- 
meter indication was read and recorded every 
ten seconds till 12 h. 6 m., when the cable was 
insulated during a minute, according to No. 2 
of the diredlions above, and a shunt of 30 sub- 
stituted for the 5000, At 12 h, 7 m. the battery 
was instantaneously re-applied, the throw of 
the galvanometer observed according to No. 3, 
and the shunt of 30 removed and 5000 re- 
applied. The battery was kept on till 12 h. 8 m., 
when the cable was again insulated for a minute, 
the galvanometer shunte^ with 50 (instead of 



the 30 used the first time), and the operation of 
No. 3 repeated. This process of re-applying 
the battery and re-insulating the cable, in alter- 
nate minutes, was continued till 12 h. 26 m, 
Then an interval of five minutes was spent in 
determining, according to No. 5, the proper 
ballistic constant of the galvanometer, by ap- 
plying alternately full power and J 8 of full power 
of the insulation battery ; the change from one 
power to the other being made in each case as 
instantaneously as possible. Lastly, the shunt 
of 5000 was re-applied at 12 h. 31 m. for fnsu- 
lation-test, and one more period of the alter- 
nating process performed from 12 h. 32 m. to 
12 h. 34 m., when the cable was put to earth to 
prepare for insulation-test with copper to line. 
Either three or four, generally four, galvano- 
meter readings for ordinary insulation-test were 
taken at intervals of ten seconds in the second 
half of each minute during which the battery 
was applied. Twelve galvanometer readings, 
taken at ten seconds intervals during the second 
and third minutes of the elecflrification, gave 
for mean deflecflion 127, and the readings taken 
during the second halves of the fourth^ eighth, 
tenth, twelfth, fourteenth, sixteenth, eighteenth, 
twentieth, twenty-second, and twenty-fourth 
minutes gave for mean defledlion 82*1. The 
sensibility of the galvanometer in the condition 
in which it was used for these readings was 
such that a deflecflion of 290 would have been 
given by the adlual battery, with a resistance of 
10^ Siemens units. Hence, the insulation- 
resistances proved by the mean observed deflec- 
tions were as follows : — 



Mean 
Defledlion. 



Insulation 
Resistance. 



127-0 (2nd and 3rd mins.^ 2*28X10^1 Siemens 
82-1 (4th, 6th, . . 24th) 3-54X10^1 units. 

The new method described above gave the 
following ballistic defledlions or ** throws **: — 

End of 5th minute ... 70 divisions. 

7th „ ... 102 

gth ,, ... 102 

nth „ ... 109 

13th „ ... 57 

15th „ ... 52 



99 
99 

9) 
9> 
91 
99 
99 
99 
99 



17th 
19th 
2ISt 
23 rd 



99 
99 
99 
99 
99 
99 
99 
99 
99 



99 
99 
99 
99 
99 



92 

... 102 

... no 
... 102 



99 
99 

99 



Mean 89'8 

Say go'o 

The ballistic deflecflion due to instantaneously 
changing the potential by i-40th of that of the 
insulation battery, in accordance with the rule * 
of No. 5 above, was found to be 112 divisions. 
This is I J time the preceding mean throw, 
which therefore showed a change of potential 
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equal to i-50th of that of the battery. Hence 
the mean of the falls of potential in the ten 
alternate minutes during which the line was in- 
sulated was i-50th of the potential at the begin- 
ning of each of them, or (neariy enough) i-50th 
of the mean potential during the minute. 
Therefore, the loss was at the rate of i-50th per 
minute, or i-30ooth per second. Now, I had 
found the ele (51 ro static capacity of the cable to 
be 991 microfarads. Hence the insulation- 
resistance proved by this mean result is VA", 
or 3-027 megohms, or — 

3,170,000 Siemens units. 
This agrees quite as nearly as could be ex- 
pedled with the 

3,540,000 Siemens units 

deduced from the means of the galvanometer 

defic(5tions during the alternate minutes when 

the battery was in aiflion, as described above. 

(To be contiDaed.) 



[ON THE TELEGRAPHIC PROBLEMS 

OF 

DOUBLE SENDING and QUADRUPLEX 
TELEGRAPHY.* 
By G. K. WINTER. 

The pra<flical success which has attended the 
revival of duplex telegraphy has doubtless led 
niany besides myself to inquire whether the 
difficulties in the way of the simultaneous 
transmission of two messages in the same di- 
reiflion, over the same line, were altogether 
insurmountable. A very little, thought over the 
matter will show that the difficulties to be en- 
countered in solving this problem are altogether 
of a different nature from those attending the 
question of duplex working, and, further, it is 
evident that if once these difficulties were over- 
come, the problem of quadruplex telegraphy 
would be solved by applying to our apparatus 
similar arrangements to those by which duplex 
telegraphy has already been rendered pratfti- 
cable. 

It is obvious that, to send two messages at 
the sanie time, in the same direflion, on the 
same wire, between two stations, two keys are 
required; and it is also obvious that with two 
keys, each having independently two positions, 
there are four combinations, which of course 
should each produce a difl'erent efi"e<5i upon the 
receiving instruments at the distant end. Thus 
suppose we have two keys, which we will call 
A and B respeflively, we shall have— 

ist combination. Both keys at rest. 

2nd „ A depressed and B at rest. 

y^ M B depressed and A at iBst. 

. 4*** >i Both key s depressed. 

* Goamtmlcttei bf the Aoiber. 



There are two different ways of attacking the 

problem, namely— 

1. To devise such an arrangement of the 
keys that each of the four combinations shall 
produce a different eledlrical effect on the line, 
and then to endeavour so to arrange the re- 
ceiving instruments that these different electrical 
Eff"edts shall be rightly interpreted by them. 

2, To endeavour so to arrange the receiving 
instruments that, with some four variations in 
the eleiflrical state of the line, four combina- 
tions, analogous to those of the keys we have 
noticed above, maybe produced; and then to 
devise some arrangement of the keys by which 
the desired eieiflrical states of the line may be 
produced by their aiftion. 

I have only seen two systems described in 
any of the works on eletflricity or telegraphy 
that I have read. One is given by Blavier and 
the other by Sabine. In each of these it wouU 
appear that the inventors had set to work ac- 
cording to the first method, for in each the 
method of joining up the keys is pradicallj 
the same, and intended to produce currents u 
follows : — 

1. Both keys at rest. No current. 

2. A depressed and B at rest. One unit of 



3. B depressed and A at rest. Two units of 

current. 

4. Both keys depressed. Three units of 

current. 

All the currents being in the same direiflioo. 

This is the most obvious arrangement of the 
keys, and it will be seen, from the following 
descriptions of the methods, that in each of 
them the inventors have been successful in 
rightly interprering the different signals jent; 
thus, supposing the local instruments st the 
receiving station to be Morse instruments, k 
find that— 

1. When no current arrives, both Mones ue 

2. When one unit of current arrives, HoiseA 

is ac!led upon and Morse B is at rest. 

3. When two units of current arrive, UaneB 

is a<51ed on, Morse A is at rest. 

4. When three units of current UTive, bad 

Morses are adled on. 

So that at first sight the problem would ip- 
pear to have been solved in each case:* 
examining the matter further, however, we »W 
find that false signals would be made duriiigde 
changes from one combination to anothK 
which, apart from another drawback we sihd 
notice, would suffice to render the mti^olt 
useless. 

The method given by Blavier is as foDowif- 
R, R , R' (Fig. I) are three telays joined Jipm 
after another between tbe Une and tin tmt\ 
the receiving Btationi 
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Of these r is the most sensitive, and will 
work with one unit of current. 

r' is rendered less sensitive by means of an 
opposing spring : it will not work with one unit 
of current, but it will with two. 

r" is rendered still less sensitive by means 
of a stronger opposing spring : it will not work 
with less than three units of current. 

Fia. I. 





The difficulty of the interruptions of the circuit 
in the intervals between the positions of rest 
and depression of the keys could be overcome 
by known methods. 

The system given by Sabine was invented by 
Stark, of Vienna, in 1855. The method of 
connecting the keys was somewhat different 
from that shown above, but the result was 
exa(5lly the same, so we will only concern our- 
selves with the receiving apparatus : this is 
represented in Fig. 2. 

Fio. 2. 



It will be seen that the Morse A is joined up 
in such a way that, so long as the relay r' is at 
rest, it will work whenever the tongue of relay r 
is adted upon by the current. So long, there- 
fore, as the key A only is worked, and conse- 
quently only one unit of current sent into the 
line, the Morse A will indicate the signals given 
by the key A. When the key B is depressed it 
is evident that two units of current are sent 
into the line ; consequently the current is strong 
enough to work both the relays r and r'. The 
relay r' in working completes the circuit of 
Morse B, and at the same time breaks the cir- 
cuit of Morse A ; thus, so long as only the 
key B is worked, the Morse B will indicate the 
signals given by the key B. Now suppose we 
depress both keys, there will be three units of 
current, and consequently the relay r" will be 
worked as well as the others. It will be seen 
that when relay r" is worked, the break in the 
circuit of Morse A which is caused by the 
working of relay r' is made good, and thus both 
Morses will be worked. So far all well, but now 
let the key B be raised ; th'e current will be re- 
duced to one unit, and consequently both the 
relays r' and r" will be drawn back. Of course 
the circuit of Morse B will be broken, but so 
also will for an instant that of Morse A, for it is 
evident that the tongue of relay r" will have 
broken contacfl with c before the tongue of relay 
r' can have made conta(fl with 6, and thus re- 
completed the circuit of Morse A. Thus at 
the change there will be a sudden interruption 
of the working of Morse A, not answering to 
any signal given by its key, and a confusion of 
signals must arise. 

Added to this, however, the difficulty of 
keeping the three relays at proper states of 
seMitiytnMS would ba almost insunnountaUe. 
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In this arrangement only two relays, of dif- 
ferent degrees of sensitiveness, are employed. 
Relay r is the most sensitive, and will work 
with one unit of currerft ; relay r' is less sensi- 
tive, and will work with two units of current, 
but not with one. When relay r' works, how- 
ever, it not only completes the circuit of the 
Morse B, but also that of another circuit 
through an extra coil of the relay r, in such a 
direction as to oppose the acflion of the currents 
coming from the line, and thus to render it less 
sensitive, and only to be worked by three units 
of current in the line circuit. 

According to this plan, whenever the key B is 
worked both relays will work, for it is not until 
the relay r' has made its contacfl that the sensi- 
tiveness of relay r will be reduced ; consequently 
at every depression of the key B we shall have 
a momentary kick on the Morse A, not in ac- 
cordance with any signal given by its key, and 
thus confusion of signals must result. Again, 
although we have only two relays to adjust as 
to sensitiveness, yet one of these has two states 
of sensitiveness, one of which, namely, that 
caused by the opposing acflion of the local cur- 
rent, would be even more troublesome than the 
adjustment of the third relay by means of a 
spring. Neither of these methods can there- 
fore be said to offer any hope of pradlical 
success. 

Having now examined the principles and 
learnt the defecfls of the old systems, I will en- 
deavour to explain, as clearly as possible, the 
principle of the system by which I have achieved 
a pradlical success, and the line of thought 
which led to its discoveiy. 
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by the second method ; that is to say, I said let 
there be four variations of current— how can I 
cause these four variations to produce on two 
Morse instruments the four necessary combina- 
tions, the apparatus to be so arranged that no 
kick ^hall be produced on either of the Morses, 
at any of the moments of change from one 
variation to another, and, also, that the adjust- 
ment of the arrangement shall not depend in 
any way on differences in the sensitiveness of 
relays ? 

This is the problem I set myself; for I took 
it for granted that when once this had been ' 
solved the arrangement of the keys to produce 
the required variations would be easily accom- 
plished. 

(To be continued.) 



THE TELEGRAPHS OF NEW ZEALAND. 



To begin with, then, I attacked the problem | consideration in this case asked for by the depart- 
ment was, that telegrams containing shipping in- 
telligence, the same being positively for public and 
not private information, be paid for at the rate of 
3d. per telegram for each vessel. 

During the past year 456 miles of new lines, 
carrying a single wire, have been ere(5ted, and 9S8 
miles of wire have been added to the original lines, 
making a total addition of 1444 miles of wire. 

There are now opened to the public throughout 
the colony 127 stations, 21 of which have been 
opened during the past year, 6 being in the South 
Island, and 15 in the North Island. 

At the close of the year 2986 miles of lines, carry- 
ing 66 i6 miles of wire, were in circuit, showing an 
increased mileage upon the previous year, in line 
456, and wire 1444. 

The nominal strength of the department, including 
linemen and inspectors, on June 30, 1875, was 509 
against 388 of the previous year. 

The duplex system of telegraphy, mentioned in 
the last annual Report, has been in successful opera- 
tion on the No. 3 wire in the Cook Strait Cable since 
June 18, 1874, and the advantage of speedy com- 
munication consequent thereupon has been very 
obvious. Instruments are now ready, and the 
system will be immediately introduced on the No. 3 
wire north to Napier, and on the No. 3 wire between 
Blenheim and Christchurch. With the additional 
wires eredted between Napier and Wellington, it is 
anticipated that this will greatly facilitate the trans- 
mission of the increasing work now offering. It is 
proposed to introduce shortly the automatic system 
on some of the longer circuits, instruments for this 
purpose having just arrived from England. 

It has become a matter for consideration whether 
an alternate Cook Strait Cable should not be laid, so 
as to avoid total suspension of telegraphic com- 
munication in the event of a breakage occurring to 
the present one— a contingency which, although 
remote, is nevertheless possible. Mr. C. Lemon, the 
General Man*;;^ • of the department, to whose 
ability we attritb,.*. the continued and increasing 
progress of the teiegraph system throughout the 
colony, points out the necessity for some action 
being taken in the diredtion indicated. He says:— 
"The present Cook Strait Cable has now been 
submerged close upon eight years, and at the date 
of the last test for insulation (March 24, 1875) gave 
as good results as when first laid. This state of 
insulation may continue, so far as comparing pre- 
vious tests taken monthly during the last six yean 
is a guide, but the cable is liable to inteniptioQ, 
first, from a ship on a lee shore off Cape Terawiti, 
or in that vicinity, endeavouring to save herself by 
letting go her anchors and possibly fouling the cabk 
with the same ; second, by an earthquake causing t 
fissure in the bed of the ocean in a line at right 
angles to the lay of the cable, and thus causing k 
to part. 

" It is for the commissioner to consider, in the 
event of interruption from either of these soarces» 
whether it would not be prudent to have a second 
cable laid (containing either one or three wires), ai 
soon as it could be obtained from England. I 
estimate the cost of a one-wire cable laid at ^io,ooa 

" The present cable, owing to the introdu^on of J 
duplex telegraphy, is capable of performing all the 
work which may be required of it for some time 10. 
come ; but in the event of an tntermptioQ ui' 



From the Eleventh Annual Report of the Adting 
Commissioner of the New Zealand Telegraphs for 
the year ended June 30 last we learn that during the 
year,/9i7,i28 telegrams of all codes were transmitted, 
being an increase of 164,399, or more than 17 per 
cent over the previous year. Taking into account 
the value of general government telegrams trans- 
mitted (;f 13,679 los. 9d.), the total earnings of the 
department for the year amout to ;f69,536 12s. 3d., 
which, after dedu(5ting the cost of the signals depart- 
ment, maintenance of lines, &c., leaves a balance of 
^£'9460 13s. 4d. as interest upon the capital expended. 
The number of telegrams transmitted during the 
year (917,128), compared with the number of inter- 
provincial letters posted during the year, shows that 
22'59 telegrams were sent for every 100 letters posted. 
The proportion is not quite so great as last year, but 
the fadt that there is nearly one million increase in 
the number of letters posted as compared with the 
number of letters for the previous year should not 
be overlooked. 

The number of money order telegrams sent during 
the year was 9650, representing a value of ;f 46,^1 89 
19s. lod., or an increase of 1649 messages, and of 
;f8437 5s. id., as compared with the previous year. 
The commission colle(5led by the Post Office was 
;f 1257 5s. ; and after deducing £^^2 los., due to the 
telegraph department as fees on the telegrams, there 
remained to the credit of the Post Office, as com- 
mission on exchange, ;f774 15s., or more than £1% 
per cent on the amount transmitted. Dunedin, 
Wellington, and Christchurch, and their respective 
■ub-offices, issued the largest number of orders ; and 
Dunedin, Auckland, Wellington, iind Christchurch 
paid the largest number. 

To enable masters of vessels to ascertain the state 
of the weather prevailing at any port to which they 
might be bound, or at any intermediate port, the 
system of sixpenny telegrams, including reply, was 
introduced. 

A like facility for obtaining news at a reduced rate 
was also granted to all Chambers of Commerce 
throughout the colony who might be desirous of 
acquiring for public mformation the arrivals and 
departures of shipping at the various ports. The 
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pending repairs, and without a second cable to fall 
back upon, the pecuniary loss to the department 
would be great, whilst the public would be much 
inconvenienced by the total suspension of telegraphic 
communication with the other island." 



ELECTRICAL SCIENCE IN FOREIGN 

JOURNALS. 



This column it devoted to a list of £le£lncal Memoirs pub- 
lished in Foreign Journals. Those of importance will be either 
translated in full or given in abstract.) 



Comptes Rendus Hehdomadaire des Seances de 

I' Academic des Sciences. 

Vol. Ixxxi., No. 13, September 27, 1875. 

Electric Conductivity of Poor Conductors 
(Twelfth Note),— Count Th. du Moncel.— This 
has already appeared, having been forwarded 
to us by the author. 

Les Mondes. 
Vol. xxxviii., No. 6, October 7, 1875. 

Electro-Magnets, — Count Th. du . Moncel. — 
This appeared in our number of July i, 1875, 
under the title of ** Tubular Elec5lro- Magnets 
with Multiple Cores." 

Dingler's Polytechnisches yournal. 
Second number for August. 

The Magneto-Induction Machines of Siemens 
and Halske (Hefner-Alteneck System). — Dr. 
Zetzsche. — Will appear shortly. 

Hotel Telegraph of Debayeux, in Paris, — 
This apparatus enables the guests to telegraph 
a number of the more common orders to hotel 
servants. 

C. W, Siemens's Electric Pyrometer, — This is 
an abstra(fk of a paper recently published by 
M. Siemens ** On the Dependence of Eledtric 
Resistance on Temperature." 

Electric Lighting of Workshops, S»c, 

First number for September. 

A Simple Method of comparing the Hardness 
of different kinds of Steel Electro-Magnetically , 
— M, V. Waltenhofen. — When a hardened steel 
bar is drawn through a magnetising spiral, it is 
generally found that one-half is more strongly 
attracfled than the other: this is due to non- 
komogeneity in hardness of the bar; thus a 
method of testing steel bars for hardness is 
suggested. Of the steels to be compared, bars 
of equal length and weight are procured ; then 
one is hung vertically, with copper wire, from 
one end of a hydrostatic balance, which is then 
brought to equilibrium by putting weights in 
the scale. For the ordinary water-vessel a 
magnetising spiral is substituted, and the bar is 
allowed to hang to the extent of a half in the 



hgllow part. If a current be forthwith sent 
through the spiral the bar will be drawn wholly 
in, and the balance will shake. To avoid this, 
the equilibrated bar is held with the fingers; 
then the circuit closed ; then weights are put 
into the scale till they are felt to counterbalance 
the force which draws the bar into the spiral ; 
then the fingers are withdrawn, and the bar is 
put in equilibrium, so that a small additional 
weight would suffice to draw it out of the spiral 
altogether. As the bar will not hang exadlly in 
the middle of the spiral, but be attracfled to one 
side when the current flows, a tube of smooth 
glass or brass should be put in as lining, to 
prevent fricflion. A rheostat and galvanometer 
are also necessary for regulation of the current. 
With I Bunsen element, 144 windings of a 
copper wire 3 m.m. thick (the spiral being 
91 m.m. high and 3 cm. wide), and an iron bar 
10 cm. long and 20 grms. weight, 87 grms. were 
necessary to overcome the attradlion of the 
spiral : with a similar hardened steel bar 
52 grms. were required. For steel of little 
hardness, or unhardened, numbers were ob- 
tained between these. 

On Meidingcr's Balloon- Element of Siemens 
and Halske y in Berlin, — This consists of an 
outer glass vessel, narrowing somewhat about 
half-way down, and a smaller inner glass on the 
bottom of it. On the edge of the former rests 
a glass balloon with its mouth downwards, and 
a cork holding a small glass tube in the mouth. 
In the small glass vessel is a copper (or brass 
or lead) cylinder, with which is connedled a 
caoutchouc-covered wire of copper. At the 
narrowing of the larger glass there is a zinc 
cylinder with which an uncovered copper wire 
is conne(5led ; and the two wires pass out 
through grooves in the glass balloon. The 
outer glass is first filled to 7 or 8 cm. from the 
brim with soft water, and 80 to 90 grms. Epsom 
salt is added. After solution of this, the small 
glass is put in, then the copper cylinder, then 
the zinc, then water till the liquid surface is 
about 3 to 4 cm. from the rim. The balloon is 
filled with pieces of blue vitriol, soft water is 
added, and, by shaking and inclining the vessel, 
air is removed as much as possible ; then the 
balloon is filled to overflow with water, and the 
cork with glass tube inserted, so that the sur- 
plus liquid comes out by the tube. Then with 
the finger you stop the glass tube, invert the 
balloon over the glass vessel, and, when its 
mouth is in the liquid, remove the finger. It is 
important that the cork fit very accurately in 
the mouth and round the tube. The glass tube 
reaches to i to 2 cm. from the bottom of the 
small glass. From time to time some of the 
Epsom salt solution (which is more and more 
concentrated) must be removed, and water 
substituted; and crystals may be prevented 
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forming on the larger glass surface by previously 
coating it with a solution of gum arabic. 

The Copper-Steel Wire for Telegraph Lines 
from the Manufactory of Siemens Brothers^ 
Woolwich. 

Berichte uber die Verhandl. der Konigl. Sachs. 
Gessellschaft der Wissenschaften, Leipzig. 
1874, iii., iv., V. 

Summation of Electric Stimuli of the Skin, 
— M. Stirling. 

ThermO'Electric Properties of Lime-spar, 
Beryls lodocrase (Vesuvian), and Apophyllite. 
— M. Hankel. 



Zeitschrift der (Esterreichischen Gesellschaft fur 
Meteorologie. Bd. x., No. 15. 

Meteorological and Magnetic Observations in 
China. 



Archiv. fur Anatomie, &c. Heft 2, 1875. 
On a Physiological Action of the Capillary 
Electric Current. 

Sitzungsherichte der Mathematisch-Physikalisch. 

Classe der K. V. Akad. der Wissenschaften 

zu Munchen. 1875, Heft 2. 

(Proceedings of Munich Academy.) 

Electric Influence on Liquids. — M. Wiillner. 
— Reserved for separate note. 

Double Maximum in the Frequency of Thunder- 
storms during the Summer Months, — M. • von 
Bezold.— The results of this investigation are 
thus formulated : — Phenomena of thunderstorms 
show in general, during the summer months in 
the northern hemisphere, two maxima. These 
maxima approximate nearer to each other the 
further we go north. But not only can they be 
decisively proved for Germany, but they are 
distin(5lly recognisable (taking the principle of 
five-day sums) even in Barnaul and St. Peters- 
burg. Among the places examined there is 
only one which showed but one maximum, and 
this is Katharinenburg, the climate of which is 
less influenced by the meteorological phenomena 
of the tropics than that of any other place taken 
into consideration. [In the tropics it has been 
shown that stri<5lly there is summer twice in the 
year. These two maxima of temperature, 
which, as you remove from the tropics, approach 
each other very quickly, merging into one another 
in the high latitudes, appear much more strikingly 
in the frequency of the thunderstorms. Thus the 
phenomenon in question may be regarded as an 
echo of the two tropical summers, or heat 
maxima.] 

journal dc Physique. September 1875. 

Some Experimints on Electrostatic Induction. 
-«»-M< Govi.«<-The9« are to show that induced 



elecflricity of the first kind has potential. An 
eledlrified spherical body is supported under 
two pith balls, which are hung by linen thread 
from an insulated ring. At the very first the 
balls diverge, and the divergence increases when 
they are made to communicate with the earth. 
If this divergence (says M. Govi) arose from 
curvilinear induc5lion by the inducing sphere, as 
has been supposed, it should cease or diminish, 
on the induction being suppressed ; but this is 
not the case. On discharging the indu<5lor with 
an uninsulated metallic point, the two pendula 
may be made to separate further. The reason 
is that the indudlor, far from separating the 
balls by curvilinear indudlion, exercises on them 
an attraction which tends to bring them to- 
gether. If we understand by electric potential 
the effort of ele(5lrified bodies to approach or 
withdraw from each other, the separation of the 
small pendula should still prove the potential of 
the induced electricity opposed to the inducing, 
were it even demonstrated that we must 
attribute it to what Faraday has denominated 
curvilinear indudlion. The potential of the 
induced electricity is still more distindlly mani- 
fested when the induced body is terminated 
by a fine point turned dire<5lly towards the in- 
du<5lor. If, in this case, the air being verydiy, 
and the supports of the induced body perfeifUy 
insulating, the induction be allowed to act a 
few seconds, one finds that immediately after 
discharge of the induClor the induced body re- 
tains a perceptible charge of eieClricity of the 
same name with that of the indudlor. Alltheother 
phenomena which have produced in some minds 
the contradictory idea of an induced eleCtricitj 
without potential are easily explained if we take 
into account the influence exercised on the is- 
duClor by bodies, insulated or not, which are 
brought near the induced. 

Electroscope with Very Sensitive Dry PiUs ' 
its Use in some Experiments on Electricity tf 
Contact^ and on the Electromotive Forct of 
Heat. — M. Righi. — Re»erved for separate note. 

This number also contains several abstracts of 
papers from other journals on eleClrical subjcifts. 



The Annual Soiree of the Society of Telegraph Es- 
gineers will be held at the end of the present montk. 
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Since the day when Elecflricity was first disco- 
vered, until now, its vast importance and its 
high destinies have grown upon the human 
mind. Fresh phases of its power, fresh results, 
new means of obtaining and governing its 
adlion, and multiplied ends to which it may be 
turned, have constantly discovered them- 
selves ; till to-day it stands out as one of the 
grandest subjecfls presented to the scientific and 
practical world for investigation and research. 
Perhaps, however, no other Science or Art 
has exhibited so extraordinary a concurrence 
of anomalies. It is at once the most ter- 
rible monster and the most humble and 
obedient servant , its adlion is at one moment 
beneficial, at the next destrudlive ; its range is 
boundless, yet it may be ** cabined, cribbed, 
confined " at ease ; it is everywhere present, 
while its nature is only imperfedlly understood ; 
and, to crown all, although it is one of the most im- 
portant agents in the adlion and the phenomena 
of the universe, and increasing knowledge of 
its applicability to the needs of our race is of 
the utmost importance, no direcfl means of as- 
certaining the thoughts and discoveries of its 
students, or of bringing them before the scien- 
tific and mechanical community, at present 
exist. Attempts have been made to supply 
this want, and journals have been started 
with the professed objedl in view of making 
public all that is known or can be learnt 
of Eledlricity in all its branches. But they 
have degenerated into unscientific records of 
unimportant events, and the purpose for which 
they were established has been lost sight of. 
Thus it comes that — while Engineering, Che- 
mistry, and other Applied Sciences have all 
their representative recognised organs — the 
Elecflrician finds himself without any current 
journal from which he can learn the events 
which are daily occurring of peculiar interest 
to himself. 



Such a want has now been supplied by the 
establishment of the Electrical News and 
Telegraphic Reporter. In its columns will be 
found the most valuable opinions of eminent 
Elecflricians and scientific men all overtheworii 
Articles will be contributed which will be of value 
not only to those who study Eledlricity as amateur 
experimentalists or scientific inquirers, but also 
to those whose daily life is bound up with the 
advancement of pradlical knowledge in all de- 
partments of the science, and who as dec- 
tricizins, telegraphists, eledlrotypers, eledlro- 
platers, and chemists have continually to deal 
with the same marvellous agent of force in 
different ways. Nor will the doings of foreiga 
societies be ignored as in times gone by, hut^ 
in the shape of carefully prepared abstrads, 
their proceedings will be presented to our readers. 
Every opportunity will be given for the health- 
ful discussion of the science in all its branches, 
and a fair unbiassed course will be steered in 
all questions of dispute. 

This, then, is our Programme in brief. Mwt 
we could promise, but prefer to let the net 
periodical speak for itself. The subjed with 
which it will deal is of too g^eat importance to 
need one word of recommendation. Daily ex- 
perience teaches us that we are as yet on the 
threshold only of a vast expanse of cleifttcal 
knowledge. This has to be explored, and as 
the research gains in strength and intelligence 
the results will be far beyond all present con- 
ception. The feat of girdling the earth ifl 
forty minutes will be eclipsed by great deeds 
yet to be done, and if the establishment d 
the Electrical News and Telegraphic 
Reporter conduces to the hastening of tins 
desirable end our obje<5l will have been gaioA 
and we shall be fully rewarded. 

Boy Court, Ludgate Hill, London, E.G. 
yuly i8t, 1875. 
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SIR WILLIAM THOMSON'S REPORT 
TO MESSRS. SIEMENS BROTHERS 

ON TESTS OF 

DIRECT UNITED STATES CABLE. 

Taken at Ballinskelligs Bay Station, 

September i5 and 17, 1875. 

(Conctuded Ctom pag;e k>8) 

At the conclusion of the " zinc to cable " test, 
the ilble *as put to earth and kept so for two 
fflirtiltea, till ii.36, whan i similar series of 
tests with copper to cable was Commtneed, al^ 
ways with the same battery of 20 cells. These 
tests were much disturbed by another storm of 
earth-eurrents (not quite so severe, however, as 
that of the preceding morning), which eame on 
very suddenly about the fourth minute of elec 
triflcation, arid HeaHy Stop^dd the leaUdgli suh 
rent (giving an apparent insulation- re si stance 
of 7,000,000). The new ballistic test was then 
applied, and continued In altetnate minutes as 
before-. The first ballistic defletftion gave an 
apparent fesistatlee «f 3,000,000, ahd the second 
ft^ually ahoWed an increase of potential (rela- 
tively, of course, to the Ballinskelligs earth) 
during the minute of insulation. Then came 
ten minutes of comparative tranquillity, till 
12 h. 52I m,, when the leakage current from the 
battery was rapidly reduced to zero and reversed, 
and a quick succession of violent pulsations 
supervened for about a minute and a half, 
throwing the spot of light alternately off scale 
to right and off scale to left, at irregular inter- 
vals of ten or fifteen seconds. About 12,56, 
there being still great defledlions, but not so ' 
^apid pulsations, a shunt was applied which 
allowed the amounts of the deflexions to be 
.observed, and showed them to range frequently 
from ten to forty times the proper leakage cur- 
rent, some in the contrary direiSlion to it, and 
'some in its own direiflion. The disturbance 
diminished gradually till ih. 7 m. a.m., when 
the cable was discharged to prepare for mea- 
.surements of capacity and copper resistance. 
Notwithstanding the very disturbed state of the 
line, the means of the regular observations 
taken between 12.39 and '^-53 gave satisfa<!\Dry 
results in respedt to insulation resistance. Thus 
the mean of 24 deflexions observed in the ordi- 
nary galvanometer tebt during that interval was 
1 12-3, whicb gave for insulation resistance 



This with the ballistic constant, determined 
\n the manner explained above, gives 3'52 
negohms, or 3,690,tx>o Siemens units, for the 
nsulation resistance. 

The measurement of electrostatic capacity 
described above was next repeated, and the pre- 
vious result confirmed, but there was not time 
to attain to more minute accuracy in the ad< 
justment. 

Lastly, the copper resistance was measured 
by the simple galvanometer method. The in- 
sulation galvanometer, quickened three- or four- 
Told by a magnetic adjustment (which I had 
used also in the insulation tests), and with a 
shunt of ao Siemens units on its coil, was put 
in circuit between line, battery, and earth, and 
the defleiftion was observed and recorded every 
ten seconds during the whole time of the test, 
which was from ih, 36im. to i h, 58 m. As 
was to be expeified, large and rapid variations 
of the defleiflion were continually taking place 
an account of earth-currents. The dire^ion of 
[he earth-current was from east to west the 
whole time, as was shown by the "copper" 
current being always greater and the " xinc " 
current 'ess than the true mean concluded from 
the observations. It increased gradually (but 
with some slight backward pulsation) from the 
beginning (ih. aS^m.), when its amount was 
that due to a difference of potentials between 
the Ballinskelligs and Torbay earths, equal to 
17 of a ceil (one cell and seven-tenths), till the 
end (ih. 58 m.), when it was more than five 
times as strong, and corresponded to nine cells 
— the Irish earth positive relatively to the Nova- 
Scotian earth the whole time. 

To measure the copper resistance, a time of 
comparative tranquillity was chosen, a reading 
taken, and then as quickly as possible the gal- 
vanometer short-circuited, the battery reversed, 
the galvanometer circuit reopened, and a fresh 
I reading taken. Half the space travelled by ttae 
' spot of light froni tl}e first reading to til? «?«ond 
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Relation between Electricity and Light. 



f Elbctucal Nbwi, 
1 Nov. 15,1873. 



is taken,* as being the defledlion which would 
be produced by the battery applied in either di- 
recflion were there no earth-currents. This was 
done seven times, and the half-ranges found 
were as follows : — 

235 
231 

229i 

234* 
231 

23s 
230 



Mean ... 232*3 

At 2h. 2 m. I found that the same battery ap- 
plied in the two diredlions through the galvano- 
meter and 7300 Siemens units gave 232 divisions 
on one side of zero and 233 on the other — mean 
232*5. Hence the copper resistance to be in- 
ferred from the observations is — 

73oox;;~7~> or 7306 Siemens units. 



232*3 

Summary of Tests of Sept. 16 and Sept. 17. 

Insulation Resistance — 

Of whole cable of 2420 knots, in 2nd and 3rd 
minutes, 2^ millions Siemens units, or 
5445 millions per knot ; from 4th to 24th 
minutes, 3I millions Siemens units, or 
8470 millions per knot. 
Copper Resistance — 
Of whole line, 7300 Siemens units, or 3*02 
per knot. 
Electrostatic Capacity — 

Of whole line, 991 microfarads, or 0*4095 
(say 0*41) per knot. 

Throughout the preparations and observations 
required for the tests which I have now described 
I received skilful and efficient assistance from 
your ele(5lrician, Mr. Ebel, and his assistant; 
and I desire to take this opportunity of ex- 
pressing through you my thanks for the patience 
and care with which they went through the 
somewhat irksome and tedious series of opera- 
tions which I had to ask of them. 

In conclusion, I am glad to be able to say 
that my tests proved the cable to be in perfedt 
condition as to insulation, and showed its 

* Supposing there to be no instrumental error, the sole 
error in this process is that depending on the change of 
earth-current between the first and second reading, hence 
the importance of quickness, and the value of the " dead- 
beat " galvanometer for such observations. So far as the 
cable is concerned, five seconds (as I find from my mathe- 
matical theory) is amply sufficient from the instant of 
reversal to the second reading to secure that there be no 
sensible error on account of the current not having become 

gerfedly uniform from end to end. But far more than 
ve seconds is required to get the second reading, on 
account of the swinging of the galvanometer needle when 
the customaiy ** astatic mirror " is used. With the dead- 
beat galvanometer the second reading is easily taken 
within five seconds of the first. 



elecf^rostatic capacity and copper resistance to 
be so small as to give it a power of transmitting 
messages, which, for a transatlantic cable of so 
great length, is a very remarkable as well as 
valuable achievement. 



A NEW 

RELATION BETWEEN ELECTRICITY 
AND LIGHT: DIELECTRIFIED 
MEDIA BIREFRINGENT. 



Dr. John Kerr, Mathematical Ledlurer of the 
Free Church Training College, Glasgow, con- 
tributes a paper under the above title to the 
November number of the Philosophical Maga- 
zine. Tfie thought which led the author to the 
experiments which are detailed in the paper wzs 
'* that if a transparent and optically isotropic 
insulator were subjedled properly to intense 
eledlrostatic force, it should a<5l no longer as an 
isotropic body upon light sent through it." At 
present the author has confined his attention to 
solid dielecflrics, reserving the case of liquids 
for a second paper. The principal results of the 
experiments are summarised as follows : — 

When plate glass is intensely dieledlrified, and 
traversed by polarised light in a diredlion per- 
pendicular to the lines of force, it exerts a par- 
tially depolarising a(5lion upon the light, givin|^ 
an effedt which is much more than merely sen- 
sible in a common polariscope. There is a 
good regular effe(5l when the plane of polarisa- 
tion is at 45* to the lines of force ; no regular 
effedt when the plane of polarisation is parallel 
or perpendicular to the lines of force. Electric 
force and optical effecfl increase together. The 
optical jeffedl of a constant eledlric a(5lion takes 
a certain time (apparently about 30 seconds in 
the author's observations) to reach its full in- 
tensity, which it does by continuous increase 
from zero ; and it falls again slowly to zero 
after the ele<5lric force has vanished. There is 
as good an effedt with a rapid succession of 
contrary (Ruhmkorffian^ elecflrisations as with 
a continued (Ruhmkorman) eledlrisation in one 
direction. 

The dieledtrisation of plate glass is equiv'a- 
lent optically to a compression of the glass 
along the lines of eledlric force. Dieledlrified 
glass adts upon transmitted light as a negative 
uniaxal with its axis parallel to the lines of 
force. 

The author has also experimented upon the 
diele(5lric of resin and the diele(5tric of qaarti: 
he considers it proved that dieledlrified quarti 
(like glass) a(5ls upon transmitted light as if 
compressed along the lines of force, while di- 
eledlrified resin (unlike glass) adls as if extended 
along the lines of force* 



CLBCTfticAL News,) 

Nov. 15, X875. J 



Double Sending and Quadruplex Telegraphy. 



215 



ON THE TELEGRAPHIC PROBLEMS 

OF 

DOUBLE SENDING and QUADRUPLEX 

TELEGRAPHY.* 

By G. K. WINTER. 
(Concluded from page 210.) 



In Fig. 3 let l be the line with a resistance 
say of 1000 units, and let r be an artificial 
resistance of the same amount. Let 6 be a 
local battery, and a a battery at the distant 
station, of equal strengths, and sending their 
currents in the directions indicated by the 

Fig. 3. 
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arrows ; e, e, Cy are earth plates, r' is a relay 
wound differentially, and r is another relay, not 
wound differentially, but connected between the 
middle point of r' and earth, as shown in the 
figure. 

It is evident that the two currents will neu- 
tralise each other's effecfl on the relay r', but 
that they will both flow through r in the same 
direcflion. r' will evidently not work, but R will. 

Again, let Fig. 4 represent the same arrange- 
ment, except that the direcflion of the battery b 
is reversed, as shown by the arrows. Then the 
currents will flow in the same direcflion through 
the two coils of the differential relay r', which 
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will consequently work, whereas no current will 
flow through R,*a8 the potential of the circuit at 
the centre of the differential relay will be zero, 

* Commanicated l>y the Author. 



the batteries being equal in power, and the 
resistance equal on each side of this point. 
Thus in this case the relay r' will work, but not 
the relay r. 

Next, let us have no battery applied at the 
sending station, but the line joined to earth, as 
shown in Fig. 5. 

Fio. 5. 
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It is now evident that both relays will work, 
for a large portion of the current from b will 
flow through r to earth. Thus with three 
variations of current coming from the sending 
station we can produce three of our four combi- 
nations. It remains to be seen how we can 
produce the fourth. 

Let us suppose the differential relay r' to have 
two tongues, and let the connedlions be made 
as shown in Fig. 6. Further, let this relay be 
polarised, and let both its tongues be worked by 
a current in the dire<5lion shown by the arrows 
in Fig. 5. 

Fig. 6. 
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We must also suppose that when in a state of 
rest — that is, when no current is passing through 
the relays — the tongues will be in the positions 
shown in Fig. 6. 

Things being thus arranged, let a current 
from s be sent, as show in Fig. 7. 

We shall then have a current running through 
one coil of r' not only in a diredlion opposed to 
that from 6, but also of double the strength, 
and consequently the resultant magnetic effedt 
of the currents on this relay will be to give it a 
polarity which will be opposed to its working ; 
thus not only is the tongue t' allowed to fall 
away from its contadt, but is held in that posi- 
tion, while the tongue t is also forced away 
from its contadt-point, against which it leans 
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during all the other variations of the current 
received from s. 

Hitherto we have supposed the resistances on 
each side of the differential relay to be equal, 
but it will be seen at once that we may reduce 
the resistance r if we reduce the number of 
cells in the battery b in the same proportion : 
wc may thus easily reduce this battery to one 

or two cells. 

Fig. 7. 
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arrangement of two keys as shall produce the 
following variations of current by their four 
combinations : — 

1. A copper current of two units when both 

keys are at rest. 

2. A copper current of one unit when key A 

is depressed. 

3. A zinc current of one unit when key B is 

depressed. 

4. No current when both keys are depressed. 

There are several ways of accomplishing; this ; 

I perhaps the best is as follows : — 

' Let us suppose the full battery to consist of 
four cells (any multiple of that number would 
do as well). Let us represent them thus :— 

A :b C D 
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To recapitulate then, we find that — 

1. If we have two units of copper current 
from s the sending station — that is, in the di- 
re(5lion shown by the double arrow in Fig. 7 — 
both tongues of the relay r' will be open, so 
that, notwithstanding that the tongue of relay r 
is closed, the circuits of both Morses will be 
broken, and those instruments consequently at 
rest. 

2. If we have only one unit of current flowing 
in this dire<5lion from the sending station, the 
currents flowing through r' will balance each 
other, and consequently the tongue t will go to 
its position of rest, — that is to say, against its 
contact stud, — and as the currents flowing 
through R still cause its tongue to remain against 
its contact stud, we shall have the local circuit 
of Morse A completed, and therefore that in- 
strument will work. The tongue t' of relay 
r' will, on the contrary, remain in its position of 
rest, — that is, agaisst its insulated point, — and 
consequently the circuit of Morse B will be 
opened, and therefore that instrument will be 
at rest. 

3. If we have one unit of zinc current — that 
is, as shown in Fig. 4 — we shall have both 
tongues of relay r' closed, but the tongue of 
relay r will be opened, as that relay will have 
no current passing through it, and its tongue 
will therefore go to its position of rest against 
its insulated point. We shall therefore have 
the circuit of Morse B closed, but that of 
Morse A open. 

4. If no current arrives from s all the tongues 
will be closed by the a<5lion of the current in 
the local circuit, and consequently both Morses 
will work. 

At the sending station, then, we want such an 
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Let this be supposed to give two units ot' 
copper current to line. 

Now suppose one of them, a, to be reversed 
by a reversing key. We shall have — 

A B C D 
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Thus A and b neutralise each other, and we 
shall have one unit of copper current to line. 

Next, let us suppose a, b, and c to be reversed 
by the depression of the other key ; then we 
shall have — 



B 



D 
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or one unit of zinc current to line. 

Lastly, let us suppose both ^j& depressedr 
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then A, which is reversed by the first key, 
be set right agaiii, and we sliall Iiave^ 

A B C B 

'HHh 
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or B and c will neutralise a and d, and we shall 
have no current to line. 

The following figure is a conventional mode 
of representing the ai5lion of reversing keys, 
and will doubtless be understood : — - 
Fia. S. 

> tflffHiffft ff^lWMWMWIINt 



The sinuous lines show the conneiflions when 
the keys are at rest, and the dotted lines show 
them when they are depressed. 

We have now to show how this system may 
may be made into a quadruplex system by the 
application to it of the duplex principle. There 
are two ways of doing this ; perhaps in praflice 
the following will be found the best : — 




r and r' are adjustable resistances, and I think 
the rest explains itself. 

With regard to adjustments, let a galvano- 
meter, G, be inserted, as shown in Fig. 9; 
reqiKSt the distant station to depress his key B ; 
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then adjust r until depressing cither of your 
l:eys makes no altcr.Hion in the dellec^ion of 
your g.ilvanoniclur. This being done, adjust 
;-' until the dcilcaion itself becomes nil. 

There are two or three obvious modifications 
of the arrangement of the receiving apparatus. 
For instance, we may connect the two relays 
one after another in such a way that the tongue 
of R will be worked by a copper current from 
the distant station, while those of r' are worked 
by a zinc current, and then having the local 
battery conncifted through extra coils wound on 
the relays, and in each case tending to cause 
the tongues to make contact with their respetflive 
contaift-points; or we may abandon the local 
battery altogether, and substitute a bias in 
favour of making a signal by the adjustment of 
the position of the tongues between the poles 
of the eleiftro-magnets. We sacrifice, however, 
by these modifications, the very simple means 
of adjusting the arrangements which we have 
just described. 

The following is a modification, however, 
which will probably prove an improvement in 
some respeihs. Instead of winding the relay 
r' differentially, we may substitute the Wheat- 
stone bridge principle, and, further, we may use 
two distindt relays instead of one relay with two 
tongues. This modification will enable us to 
place the two relays, by means of which signals 
are produced upon Morse A, near that instru- 
ment, so as to be kept in adjustment by the 
clerk attending to it ; while for the same pur- 
pose the other relay may be placed near the 
Morse B. The arrangement under this modifi- 
cation is shown in Fig. 10, in which x and y 
are the branches of the last-named bridge, and 
X and V the branches of the bridge for making 
the system a duplex arrangement- 

We may also, even while using two distin^ 
relays instead of a relay with two tongues, 
wind each of them differentially instead of using 
the branches x and y, but the bridge arrange- 
ment has certain advantages which lead me to 
prefer that system. 




The form of double tongue relay that I have 
used for this arrangement is the same as that 
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used in applying my duplex method to interme- 
diate stations. 

The double-sending arrangement described in 
this paper was worked with perfeifl success 
between Salem and Madras, a distance of 
206 miles, on the i6th of April, 1875. Unfor- 
tunately circumstances prevented my carrying 
out the quadruplex working on an aiftual line 
about the nth of August, when it was success- 
fully worked on a loop line of 80 miles in length. 

A second method of double sending, which I 
have successfully worked, follows almost as a 
matter of course from the system previously 
described. 

Let 6 be a battery, and R and r' two relays, 
joined up with earth and line in the manner 
shown in Fig. 11, Let s be the distant station, 




end let the four combinations of the keys at 
that station produce the currents represented by 
the arrows, &c., opposite i, 2, 3, and 4 respeifl- 
ively. The current represented by the arrow 
opposite I will aid the local current through r', 
but will neutralise that in r. Again, the cur- 
rent represented by 2 will aid the local current 
in R, but will neutralise that in r'. No current, 
represented by 3, will simply allow the local 
current to flow through both relays; and the 
double current represented by 4 will not only 
neutralise the local current in r', but will cause 
a current in it in the opposite direction to that 
in which the local current is flowing. Let both 
relays be polarised, and so connected as to bcJ' 
worked by the local current. If now R.' be a 
relay with two tongues, the position of rest of 
one of them being against the insulated stud, 
and that of the other against the contaift-point, 
while the position of rest of the tongue of the 
relay r is against the insulated stud, and the 
tongues joined up as shown in Fig. 12, we shall 
have exaiflly an analogous adtion in the relays 
to that described in the first part of this paper. 
This system, moreover, possesses certain ad- 
vantages over the system previously described ; 
it is simpler in theory, requires less battery 
power, and necessitates neither a differentially 
wound relay nor a bridge arrangement. 

N.B. — The tongues are shown in their posi- 
tiona of rest. 

This system works exceedingly well, and of 
course the same arrangement of keys will suit 



either method. In order to duplex this system 
we join the two branches of the bridge to the 
points A and b, and put a re si stance -coil between 
A and earth, adding condensers to this coil it 
necessary. 

Fio. 12. 




It is very desirable that the currents should 
be properly balanced in the relays r and a', and 
it is also evident that the resistance of the two 
branches in which they are placed should be 
equal. In order to secure these conditions I 
make the following arrangement : — 

Fio. 13. 




R and R' are the two relays as before, c is a 
resists nee -coil for coarse adjustment, g agalvt- 
nometer, and d and e are two barrels of 1 
rheostat, by which the finer adjustments uc 
made ; the barrel u is of ebonite or other insu- 
lating material, and the barrel e is of brass or 
other conduiilor. By turning the barrels equal 
increments or 'decrements are effetfted in ilw 
resistances of the two branches. 

We will now analyse the changes in the po- 
sitions of the tongue of the relays which are 
caused by the adlion of the keys. 

Fig. 14 shows the position of the tongues and 
the dirediion of the currents when both kej-s xk 
at rest. It is seen that both the tongues I and 
t' of relay r' are open, while the tongue f of 
relay r is closed. Both local circuits arc there- 
fore open. 

Now suppose that key at the distant station 
to be pressed which sends one unit of zinc cur- 
rent into the line (see Fig. 13). 

The current in R is simply reduced from three 
units to two units, so that the toDgne (" cooti- 
nues closed. The cnrrent in r' it neotraliidl * 
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so that the tongue t falls to its position of rest 
against the contadl-point, and thus completes 
the circuit of Morse A. The tongue t' remains 

Fig. 14. 
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against the insulated stud, as that is its position 
of rest : the current of Morse B is therefore 
open. When the key is raised the tongue t 
simply falls back against the insulated stud, and 
thus breaks the circuit of Morse A. We will 
call this key A, and we see that it works the 
Morse A when it alone is worked. 

Fig. 15, 
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Now let the key B be depressed, sending a 
copper current of one unit into the line (see 
Fig. 16). 

Fig. z6. 



A 
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The current in r is now neutralised! while 
that in r' is two units in the direction of its 
working. The tongue t' closes the circuit of 
Morse B. The tongue i also comes against its 



contadl-point, but the tongue t" of relay r is 
opened, and it is evident that the tongue t has 
to perform a journey before it reaches the 
conta(5l-point, while the tongue f* breaks the 
circuit as soon as it begins to move, so that a 
little care in the adjustment is all that is required 
to prevent any kick at this change. The same 
may be said when the key B is raised, and the 
tongues go back to their normal position ; the 
tongue t""' has to perform a journey before it 
reaches the contadt-point, while the tongue t 
breaks the circuit direcflly it begins to move. 
These are the* only changes which involve the 
aiotion of more than one tongue at a time, and 
it is clear that a kick can only be produced in 
the event of one of the tongues t or t" reaching 
its conta(fl-point before the other breaks the 
circuit by commencing to move to the insulating 
stud. Pradlically a little care is necessary to 
prevent this kick. 

Next, let us suppose the key A to be kept de- 
pressed, and that we work with key b. The 
current in the line, which is one unit of zinc 
current when the key B is up, becomes zero 
when key b is depressed. The position of the 
tongues when key A alone is depressed is shown 
in Fig. 15 ; both t and t" are closed, and only 
t* is open. The redudlion of the line current to 
zero produces the effedl shown in Fig. 17. 

Fig. 17. 




Thus the working of the key B while A is de- 
pressed simply causes the closing and unclosing 
of the circuit of Morse B by the adlion of the 
tongue t'. 

Lastly, suppose the key B to be depressed and 
the key A worked. The state of things when B 
alone is depressed is shown in Fig. 16, in which 
both tongues of relay r' are closed, and only 
the tongue t" of relay r is open. It is evident 
that the reducflion of the line current to zero by 
the depression of key A will simply c&use the 
closing of the circuit of Morse A by the tongue 
^', and this tongue alone will fall back and open 
the circuit of Morse A when the key is raised. 

The new arrangements hitherto described, 
with the exception of the modification mentioned 
on page 217, were designed under the impression 
that the difficulty of keeping relays in different 
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degrees of sensitiveness was great, and with a 
view of removing that drawback amongst others. 
I find, however, that the modification alluded to 
above works very well, and that my idea of this 
difficulty was rather exaggerated. In this ar- 
rangement the equating battery is dispensed 
with, a mechanical or magnetic bias being sub- 
stituted for it, and the two relays are placed one 
after the other between line and earth. 

This plan admits of two obvious modifica- 
tions which deserve attention : thus, instead of 
a double-tongued relay we may use two single 
relays, as in a modification before alluded to ; 
or we may reverse the single relay and one of 
the tongues of the double-tongued relay, and 
then use this relay for working one Morse, and 
the single relay for working the other. My ex- 
periments, however, so far have led me to prefer 
the plans with an equating battery. 

We have now only to consider, with reference 
to this system, the effedt of the ele(5lrostatic in- 
du(5lion of the line on the receiving instruments. 
I have found, in pracflice, that whereas there 
is no difficulty while working through resistance- 
coils in preventing the kick which is made if 
tongue t makes contadt before the tongue t' has 
broken contadl, and vice versa, during the 
working of that key which changes the current 
from +2 to — I, and vice versa, yet when work- 
ing through a long land-line — especially when 
working with quadruplex connedlions — I have 
found that this is not so easy. The acflion of 
the inducflive capacity of the line is to retard 
these changes, whereas when working through 
resistance-coils the changes take place sud- 
denly. This difficulty may be overcome in 
either of two ways : — 

1. You may put the wire of an elecflro-magnet 
as a shunt on the apparatus. The extra cur- 
rents generated in the elecflro-magnet will neu- 
tralise the static discharges from the line, which 
are the cause of the retardation. 

2. Instead of allowing the 'tongues of the 
relays themselves to complete the local circuit, 
you may cause them to complete the circuits of 
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other relays in the way shown in Fig. 18, and 
then utilise the tongues of these secondary 
relays for working the local circuit. Both these 
methods have been successfully applied in my 
experiments. 

Finally, I may mention that in quadruplex 
working the effedl of the static induction of the 
line on the instruments at the sending end may 
be more economically and quite as effetfhially 
neutralised by making that branch of the bridge 
which leads to the resistance-coils an elcdlro- 
magnet with a movable core, as by using a con- 
denser with the resistance forming the artificial 
line. 

Since the first part of this paper was written 
an account has been published of two American 
systems, of which one — namely that of Prescott 
and Edison — is said to have worked well. In 
this system one key in its position of rest puts, 
say, 50 cells of copper current to line, but when 
depressed the current is changed to 150 cells in 
the same direcSlion : the other key simply re- 
verses the dire<flion of the currents sent by the 
first key : thus, calling the first key A and the 
reversing key B, we have the following cur- 
rents : — 

Current. 

1. Both keys at rest -j- 50 

2. A depressed and B at rest... 4-150 

3. B depressed and A at rest... - 50 

4. Both keys depressed —150 

At the receiving station there are two rclan 
connected one after the other between line and 
earth. Of these, one is a polarised relay, 
working only with a zinc current, but is capaWe 
of working with as low a power as 50 cells ; the 
other is an eletflro-magnet which require 
150 cells to work it, but is independent of the 
direcflion of the current. 

Thus, calling the polarised relay B and the 
elecftro-magnet A, we have — 

1. + 50 will not work either relay. 

2. +150 will work A, but not B. 
3.-50 will work B, but not A. 
4. - 150 will work both relays. 

So far all well, but suppose key A dcpressei 
giving current +150, and working the ele<!bt>- 
magnet ; now press key B, reversing the cnr- 
rent, and making it —150. The eledlro-magnet 
passes through a zero of magnetisation, aod 
consequently must give a kick. To remedy this 
the inventors use a condenser, conne(5ling ofic 
of its armatures to one side, and the other to 
the other side of the relays ; the discharge froa 
this condenser at the moment of change isaai 
to remedy this defedt : it seems to me, howcftt 
that the evil moment is simply postponed, fr 
the elecflro-magnet must pass througii the lOt 
point of magnetisation, and conseqoentljtiMt 
must be a moment of no mttmftioo far Aij 
armature. 
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In conclusion, I must mention that the single- 
tongued relays used in my experiments were 
polarised, but of a form differing from Siemens's, 
which unfortunately does not answer. They 
were designed some years ago, and are exclu- 
sively used on the Madras Railway lines. Two 
eleiflro-magnets are placed horizontally, with 
their dissimilar poles facing each other. The 
armature is of soft iron and is polarised in the 
centre, so that each of its ends has the s.ime 
polarity. The ends of the armature play be- 
tween the poles of the eleo'tro-magnets, and the 
axis about which it moves is in the centre of the 
jaws of the polarising magnet. One of the 
ends of the armature is prolonged and plays 
between the contaifl-points, while the other 
carries a counterpoise. The el e (51 ro- magnets 
are polarised in the same way as in Siemens's 
relays. 

I find this relay is quicker in its aflion than 
Siemens's, and it is the only form I have used 
in any quadruplex trials, except Siemens's, 
which only answers when secondary relays are 
used, as in Fig. i8. I should say that D'Arlin- 
court's relay would probably be very likely to 
succeed. 

It is probable that secondary relays will always 
be found desirable, as less battery power is re- 
quired when they are used. They can, of 
course, be applied in any of the modifications 
described. 



NOTES. 

Direct telegraphic communication is now esta- 
blished between Martin Garcia and Buenos 
Ayres. The new telegraph was inaugurated by 
the Minister of War asking the President of the 
Republic to send the first telegram. Mr. Charles 
Burton, the Direiflor General of Telegraphs, Mr. 
Crowley, Elctilrician of the Torpedo Division, 
and nearly all the Foreign Ministers were 
present. 

With the obje(5l of providing Indian students 
and telegraphists with a channel for the free 
exchange of ideas and the discussion of all 
questions relating to eleflricity, a bi-monthly 
magazine has been started under the title of 
"The Indian Telegraphic Journal." In the 
first number 22 pages are devoted to arithmetic, 
algebra, geometry, trigonometry, and chemistry, 
and the remaining 15 to subjeifls conneifled 
with eleifiricity. To attain success the pro- 
moters of the new periodical will doubtless find 
it necessary either to alter the title or to devote 
the greater part of the journal to eledlricat 
•cience. 

It was decided a short time ago to institute a. 
«9grse of iostruiftion for the more advMiced . 
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I telegraph olficials in the Polytechnikum at 
Dresden. The arrangements have now bctn 
I completed, and we learn that Dr. K. E. Zetzsche, 
of Chemnitz, has been invited, and has accepted, 
the post of professor. Dr. Zctzsche has already 
made for himself a good name as a theorist; he 
has taught mechanics, mathematics. Sec, in 
Chemnitz since 1858, and has come to the front 
by his literary a(ftiv!ty, especially in the domain 
of telegraphy. Besides the numerous papers 
from his pen in various serials, we may mention 
the following independent works : " Copying 
Telegraphs, Type-printing Telegraphs, and 
Duplex Telegraphy," Leipzic, 1865; "Catechism 
of EleiSric Telegraphy," Leipzic, fourth edition, 
1870, (a fifth edition appeared in 1873) ; " Short 
Sketch of the History of Elecflric Telegraphy," 
Berlin, 1874; and "The Development of 
Automatic Telegraphy," Berlin, 1875. But 
Dr. Zetzsche has also had prai51ical experience, 
for we believe we are corretfl in saying that 
from 1856 to 1858 he held a position as tele- 
graph official in the Austrian State service. 
Whilst the Polytechnikum has already, under 
the guidance of Dr. Zenner, taken a prominent 
position for instrudlion in other branches, there 
is every reason to expei5l that it will, through 
the call of Dr. Zetzsche, acquire note also in 
the department of telegraphy. 

In the Electrical News of August 12th we 
announced that an Exhibition of all kinds of 
Eleiflrical and Telegraphic Apparatus would 
probably be opened in Paris in December. 
Finding it impossible to organise the Exhibition 
in so short a time, the promoters postponed the 
opening of the Exhibition until July, 1877, when 
it will be opened at the Palais de I'lndustrie. 
Count Hallez d'Arros has been appointed 
DireiSor- General, and the President of the 
French Republic is at the head of a Committee 
of Patronage. The Exhibition will be divided 
into a number of groups, particulars of which 
we had prepared for publication, but in conse- 
quence of the demand on our space we are 
compelled to reserve them until our next notice 
of the proceedings of the Committee. 

In the Postmaster-General's Report for 1874 
i read : — " There has again been a large in- 
crease in the amount of postal telegraph busi- 
ness, the number of messages (exclusive of 
newspaper telegrams) having last year been 
above 19,000,000, or about 10 per cent more 
than in 1873. In the number of postal tele- 
graph offices there was, however, no material 
change, owing in great measure to the faifl that 
— previous to its commencement — the telegraph 
lystem had already been extended to all places 
in the kingdom of considerable size. Although 
:he year has not been signalised by any very 
important changes in the mode of carryisg on 
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the telegraph serVicci numerous minor improve- 
menta have been eifefled, which have enabled ! 
the Department to afTord increased facilities to 
the public, and in many cases materially to 
lessen the cost of wrorking. Of these, the prin- 
cipal have been the further application of the 
system of ' duplex ' telegraphy and the more 
general use of the so-called ' sounder ' instru- 
ment, a form of apparatus greatly in favour in 
the Vnited States. With most of the advan- 
tages of the old ' Morse ' apparatus, the 
' sounder ' instrument combines those of sim- 
plicity and cheapness. On one occasion, when 
an important debate took place in Parliament, 
and when, in addition, there was an unusual 
number of interesting occurrences in different 
parts of the country, nearly 440,000 words — 
equal to about 220 columns of The Times news- 
paper — were transmitted from the Central Station 
in London in a single night. The resources of 
the Department were heavily taxed ; but, the 
weather having been favourable for telegraphy, 
no delay of any consequence occurred. There 
has again been a large increase in the rental 
from private wires, the sum having risen from 
about £47,000 to about £"53,000, or about 12 per 
cent. The ' Special Arrangements Branch ' of 
the Telegraph Service has, as usual, been ac- 
tively employed, the ofBcers of this branch 
having assisted in the disposal of the work in 
connedlion with nearly all the more important 
public events. As an instance of the large 
number of telegrams sometimes forwarded from 
a very small place, it may be mentioned that in 
connection with a Conference of Wesleyan 
Methodists held at Camborne, which lasted 
three weeks, more than £^$0 was received there 
for telegrams." 

The cable of the DireiS United States Cable 
Company is again open for the transmission of 
msssages. The tariffis three shillings per word. 

Telegrams for North America are now re- 
ceived at postal telegraph offices in the United 
Kingdom, for transmission by either the Anglo- 
American Telegraph Co, (Limited), via Valentia, 
or by the Direfl United States Cable Co. (Lim.), 
via Ballinskelligs. 



CORRESPONDENCE. 

LOCALISING A FAULT 

OF TOO HIGH COPPER RESISTANCE 

IN A TELEGRAPH CABLE. 

To the Editor of the Electrical Nevrs. 
Sir, — I send you the following account of a 
method of localising a fault of too high copper 
resistance in a telegraph cable, thinking that it 
may be interesting to some of your readers. It 
is, I believe, original ; at least I have been 
unable to find any account of a similar test, 
[t was successfully used on a recent occasion 
when the copper condu<5lor of a cable broke, 
leaving the insulation pcrfeifl and the broken 
ends of the wires slightly touching, thus in- 
creasing the resistance of the cable from 2000 
to 3000 ohms. In such a case the ordinary 
discharge test would be useless, as almost tbe 
full capacity of the cable would be obtained. 

The following formula does not claim to giw 
an exact solution of the problem, which h a 
very complicated one, but only to be an approx- 
imation which will give results within the limits 
of observational error. 




The Royal Society.— A Royil M«dal has been awaided 
this year to Mr. William Crookes, F.R.S., for hie various 
chemical and physical researches, more especially for his 
ditcoveiy °t Thallium, his investigation of its compoundE 
and determination of its atomic weight, and for his diaco- 
veiy of the Repulsion referable to Radiation. The other 
awards arc— TIic Copley Medal to Prof. A. W. Hofmann. 
F.R.S., for hii numerous comnbutions to the science ol 
Cberoi«tty, and especially for his researches on the 
derivatives of Ammonia; A Royal Medal to Dr. Thomas 
Otdham, P.R.S., for hit long and important services in the 
•cience of Geology. It is baped that Dr. Hofmann may 
be spared Trom Beitin for ■ few days, so as to receive the 
nedal in person. The medali will be presented at the 
Aaninnvy Meeting of the Society, on tbc joth ioit. 



Let A B represent the cable, whose nomul 
copper resistance is R ohms, and which has it 
C a fault of P ohms resistance. Let A C=i. 
r = copper resistance per knot (normal), mi 
c= capacity per knot. Draw AF and CD 
perpendicular to A B, making — 

AF: CD:: R+F : R+F-xr. 
Complete the rciaangle A B G F, and join FD 
and P B meeting C D in E. 

1. Let the end B be free, and let A be con- 
ne<5led with a battery ; then the retftangle AG 
will represent the total capacity of the caUe, 
and therefore A F=c. 

2. Let the end B be put to earth, and let A 
be conne<fled with the battery as before ; tba 
the polygon A P D E B will represent the cbup 
in the cable, for the potential at any point it 
proportional to the resistance from that point tl 
earth. Now, if the resistance of the fault -ftfcl 
resistance of C B be greater than the resistuM 
of A C, and if A he put to earth, the curreotrii 
praiAically divide at C, and the pait reprtMiiH'. 
by A C D F will flow to earth tbiDugfa A. Uf ' 
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this be measured and found to be = C. Then — 

X 



C=-(AF+CD) 
2 



• • • 



. (I) 



AF^R+F 
CD R-fF 

R+F 



^-x r \ R+f7 



W 



Let - = Q = apparent length of cable from 
copper test ; then — 

CD=AF[i-q] 

.•. from (i) and (2) 

suppose = apparent length of cable from capa- 
city test. 

...;r=Q± Vy-2QM. 

The — sign must be used for the case of too 
high resistance ; the -f sign occurring with a 
fault of too low resistance — i.^., a fault of in- 
sulation. 

In making the test great care must be taken 
to take the discharge the same instant that the bat- 
tery connection is broken. — I am, &c., 

C. MiCHiE Smith. 

13, Blackwood Crescent, Edinburgh, 
Odtobcr 20, 1875. 
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This column is devoted to a list of EleArical Memoirs pnb- ^ 
lished in Foreign Journals. Those of importance will be either 
translated in full or given in abstract.) 



Comptes Rendus Hehdontadaire des Seances de 

V Academic des Sciences, 

Vol. Ixxxi., No. 14, Odlober 4, 1875. 

The Existence of Ferruginous and Magnetic 
Corpuscles in Atmospheric Dust. By G. Tis- 
sandier. 

No. 15. 

Processes of Magnetisation. — ^J. M. Gaugain. 
— ^A series of arguments based upon previous 
papers by the author relative to the processes 
of magnetism. 

Formation of Hail, — G. Plant6. — Referring 
to preceding papers on certain phenomena pro- 
duced in liquids by elecflric currents of high 
potential {vide Elect. News, pp. 7 and 127) 
being capable of explaining the origin of water- 
spouts and polar auroras, M. Plant6 says — *' It 
seems deducible, from the facSls quoted in my 
previous memoir, that the formation of hail 
may be attributed to the rapid vaporisation of 
cloud-water, by the calorific effeifl of the mul- 



tiplied flashes which traverse them, and to the 
rapid congelation of this vapour — when it is 
produced in the cold regions of the atmosphere, 
or when, in the encounter of two cloud-masses, 
one of them has a very low temperature. . . . 
One can conceive the enormous quantity of 
heat and steam which a quick flash may produce 
in the interior of clouds." M. Rozet remarked 
violent movements — such as the transformation 
of cirrus into nimbus — in the middle of clouds 
from which hail fell. 

Electric Conductivity of Pyrites, — H. Dufet* 
— Wheatstone's bridge and mercury contacts ' 
were used. The fragment experimented upon 
was of cubical shape, and had four of its faces 
covered with sealing-wax : the remaining two 
faces were cleaned, and in communication with 
the Wheatstone. " M. Braun says that the re- 
sistance of metallic sulphides, and notably of 
iron pyrites, varies with the direction, strength, 
and duration of the current, and that this varia- 
tion may attain one-third of the mean value. I 
have not in any way verified this with pyrites : 
the change of current's direction causes no va- 
riation in the resistance that the apparatus could 
determine. ... As to the influence of current 
duration it may be remarked, in general, that 
resistance gradually diminishes, but becomes 
sensibly constant at the end of a day or two. 
As regards the effecfl of heat on conductivity, 
the pyrites being fixed with plaster-of-paris in- 
stead of sealing-wax, it was heated to 100^ 
without any thermo-elecflric current. Increase 
of resistance by reason of temperature then 
became very distincSlly manifest ; for instance, 
at 15° a resistance of 0*142 Siemens became at 
100° equal to 0*196 Siemens." M. Dufet thinks 
the conductivity of pyrites is a true metallic con- 
ductivity, very variable according to physical 
stru(5ture, but which in a given crystal, depends 
neither on the direcflion, strength, nor duration 
of the current. 

No. 16. 

Thirteenth Note on the Electro-Conductivity 
of Bodies of Medium Conducting Power, — 
Count Th. du Moncel. 

Chloride of Silver Battery of 3240 Elements, 
— MM. Warren de la Rue and H. W. Muller. — 
These papers will appear in our next issue. 

Monatsbericht der Konigl, Preussischen Acad, 

der Wissenschaften zu Berlin, 

January, 1875. 

Further Facts towards the Establishing of an 
Adequate Theory of Electric Machines of the 
Second Kind, — M. Poggendorff. 

February. 

Contribution to the Knowledge of Weak Elec- 
tric Sparks. — M. Riess. — ^These sparks, which 
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were described by the author in Poggendorff's • 
Annalen (137, 451)1 differ from the ordinary 
strong sparks not only in form, light, and sound, 
but in other and very various properties. From 
his experiments, M. Riess finds that the greater 
length of the negative ele<ftrode is not an essen- 
tial condition for producing the weak sparks ; 
that in reference to length, light, and sound 
they are independent of the composition of the 
circuit in which they occur ; that the discharge 
of two opposite charged Jars, if it takes place 
with w§ak sparks, does nut cause any marked 
heating of the circuit or magnetisation by the 
latter, whereas both aflions are readily observed 
when the weak sparks are changed to strong 
ones. M. Riess obtained the weak sparks very 
well with disc condensers. 

March. 
Nothing on cleiJlrical science. 



On the Savi Bladder 0/ the Torpedo. —li-BoW. 
— A hiEtoJogical account. 
May. 

Influence of Illumination on the Conductivity 
of Crystalline Selenium. — M. Werner Siemens. 
—See Elect. News, p. 88.) 



PATENTS. 

APPLICATIONS FOR LETTERS PATENT. 

3600. W. Ladd, of Beak Street, Regent Street, 
for an invention of " An automatic combined key- 
switch for use in connexion with submarine or other 
telegraphic wires."— A communication to him from 
abroad by Andrew Jamieson, telegraphic engineer, 
of Pernambuco, Brazil. — Dated Oflober 16, 1875. 

3666. J. F. Lackerstecn, of Southampton Build 
ings, for an invention of "A new or improved tele- 
graph cable." — Dated OAober ai, 1875. 

NOTICES TO PROCEED. 

2132. H. Gardner, of the firm of Robertson, 
Brooman, and Co., of Fleet Street, Londor, has 
given notice in respei5l of the invention of " An 
proved fridtional eleilric battery." — A commui 
tion to him from abroad by O. H. Mowbray, of 
North Adama, Mass., U.S.A. 

2101. Luis Marie de Bejary O'Lawlor, of Madrid. 
and Nicholas Antonio Calvo, of London, have givei: 
notice in respefl of the invention of " Improvement 
in elcflric telegraphy." 

GRANTS OF PROVISIONAL PROTECTION 

FOR SIX MONTHS. 
3431. To J. A. Morton, of Newcastle-upon-Tyne. 
for the invention of "A new or improved self- 
adjustingeleilric-bellindicator." 

3340. To J. C, Fuller and G. Fuller, both of Fcn- 
church Street, London, for the invention uf " A new 
or improved galvanic battery, applicable to te1( 
graphic and ether purposes." 



"" ■ \ Mo. .j. .8,1. 

3354. To F. Rookc, of George Street, StooehouM, 

Devon, for the invention of " Improvements in in- 
tensifying coils and contact -breakers for eleftric 

3374. To J. Muirhead, jun., of Stanley Villa, Thorn- 
ton Hiil, Wimbledon, Surrey, for the invention of 
■' Improvements in cleftric telegraphs." 

3416. To J. H. Johnson, of Lincoln's Inn Field;, 
London, for the invention of " Improvements in 
riledlro-magnetic engines." — A communication to 
him from abroad by Josf Santiago Camacho, of 
Paris, France. 

3466, To W. Proascr, of St. Luke, Chelsea, for the 
invention of " Improvements in lamps adapted to 
the eleflric light, and in the manipulation of the 
means employed for the supply of the cleflric fluid 
Lhereto." 

3509. To R. H, Courtenay, of Meyrick Road, 
Clapham Junflion, for the mvention of " An im- 
proved thermo-eleflro-magnetic motor." — PilflJ 
Oaober g, 1875. 

PATENTS WHICH HAVE BECOME VOID, 

By REASON or the NoN-rAYMENT OF THB ADUTIDKU 

Stamp Duty of £50, biforb thb ExpiutiOi 
OF TUB Thira Year from thb Date of edch 

3016. E. O. W. Whilehouse, of Roslyn Hill Hoom, 
Hampstead, Middlesex, and S. E. Phillips, of Ho- 
merton, in the said county, for an invention of 
" Improvements in recording apparatas, specijDj 
applicable for the verification of fares in puUic 
vehicles."— Dated Oftober 12, 1872, 

PATENTS GRANTED IN FOREIGN STATES. 
United States op Auerica. 

167,510, Galvanic Batttrits. B. F, Dawson, «( 
New York, N.Y. Filed July 24, 1*75.— For the pB- 
pt.se of keeping fresh fluid in contaft with the plita, 
and preventing the colleAion of efftU mailer. 
Claim. — The combination of the perforated positivi 
plate A, negative plate B, and agitating deviw tr 
ranged between the same, substantially as descnbed, 
whereby, when the agitator is operated, it will id 
to draw the fluid through and force it out of tie 
perforations in the positive plate, as and for tie 
purpose specified, 

:57,685. Elcclro-MagiuHc Telegraphs. J. Olnuted, 
of Providence, R.I., assignor of one-half of hisiifkl 
to C. G. McKni^ht and G. Chatterton, 01 the sue 
place. Filed May 15, 1875,— Ciaim, The combiM- 
tion, with a telegraph line, of a commutator, charj^ 
the line with alternating currents, a pair or series a 
pairs of keys, and a pair or scries of pairs of rcUp. 
one of the keys of a pair ai5ting to cut off from th 
line the + currents only, the other to cut oStbt 
— currents, and one relay of each pair being it- 
ranged so as to vibrate by the passage therclbroa^ 
of + currents, and the other by the — currenti. wd 
both relays arranged to give a signal or close a (wil 
circuit upon the cutting off from the line of the cur- 
rents affefling it, subatantisilty as and for the pnf- 
poses described. 
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Since the day when Elecflricity was first disco- 
vered, until now, its vast importance and its 
high destinies have grown upon the human 
mind. Fresh phases of its power, fresh results, 
new means of obtaining and governing its 
acSlion, and multiplied ends to which it may be 
turned, have constantly discovered them- 
selves ; till to-day it stands out as one of the 
grandest subjecfls presented to the scientific and 
practical world for investigation and research. 
Perhaps, however, no other Science or Art 
has exhibited so extraordinary a concurrence 
of anomalies. It is at once the most ter- 
rible monster and the most humble and 
obedient servant , its adtion is at one moment 
beneficial, at the next destrucflive ; its range is 
boundless, yet it may be ** cabined, cribbed, 
confined " at ease ; it is everywhere present, 
while its nature is only imperfe(5lly understood ; 
and, to crown all, although it is one of the most im- 
portant agents in the adlion and the phenomena 
of the universe, and increasing knowledge of 
its applicability to the needs of our race is of 
the utmost importance, no direcfl means of as- 
certaining the thoughts and discoveries of its 
students, or of bringing them before the scien- 
tific and mechanical community, at present 
exist. Attempts have been made to supply 
this want, and journals have been started 
with the professed objecfl in view of making 
public all that is known or can be learnt 
of Elecflricity in all its branches. But they 
have degenerated into unscientific records of 
unimportant events, and the purpose for which 
they were established has been lost sight of. 
Thus it comes that — while Engineering, Che- 
mistry, and other AppHed Sciences have all 
their representative recognised organs — the 
Eledlrician finds himself without any current 
journal from which he can learn the events 
which are daily occurring of peculiar interest 
to himself. 



Such a want has now been supplied by the 
establishment of the Electrical News and 
Telegraphic Reporter. In its columns will be 
found the most valuable opinions of eminent 
Elecflricians and scientific men all overthewoiid. 
Articles will be contributed which will be of value 
not only to those who study Eledlricityasamateor 
experimentalists or scientific inquirers, but also 
to those whose daily life is bound up with the 
advancement of pradlical kno^vledge in all <te- 
partments of the science, and who as elec- 
tricians, telegraphists, ele<5\rotypers, clcdro- 
platers, and chemises have continually to deal 
with the same marvellous agent of force in 
different ways. Nor will the doings of foreiga 
societies be ignored as in times gone by, bitf, 
in the shape of carefully prepared abstrad% 
their proceedings will be presented to our readers 
Every opportunity will be given for the beikk- 
ful discussion of the science in all its branches, 
and a fair unbiassed course will be steered in 
all questions of dispute. 

This, then, is our Programme in brief. Hoe 
we could promise, but prefer to let the net 
periodical speak for itself. The subjed witlt 
which it will deal is of too g^eat importance to 
need one word of recommendation. Daily e^ 
perience teaches us that we are as yet on the 
threshold only of a vast expanse of ele<flncd 
knowledge. This has to be explored, and ts 
the research gains in strength and intelligence 
the results will be far beyond all present w- 
ception. The feat of girdling the earth in 
forty minutes will be eclipsed by great deeds 
yet to be done, and if the establishment d 
the Electrical News and Teleceapbk 
Reporter conduces to the hastening of this 
desirable end our objedl will have been gainei 
and we shall be fully rewarded. 

Boy Court, Ludgate Hill, London, E.G. 
ynly I8t, 1875. 
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FURTHER NOTE ON THE ELECTRIC 

CONDUCTIVITY OF MINERAL 

SU b STANCES.' 

By Ibe CouDt TH. DU MONCEL. 

(Continued from page 17S.) 



Beforb discussing, my researches on this sub- 
jet^, respei^ingd»mp substances, I must mention 
that experiments show the inversion of the 
polarisation current ^set up on rapidly eletflri- 
fying a dicle<ftric which has previously experi- 
enced an inverse eleiflrificalion) is not only 
reproduced in silica and some metallic minerals, 
but even in all moist bodies (living or inanimate) 
and (tfjq ('( th( generality of liquids. 

Struck with the abnormal efre<fts produced 
yvheq. I repeated my experiments on' hard 
Btone?, I more closely analysed the phenome- I 
non by first examining whether the polarisation 
currents — so energetic and continuous in the 
H^ronville eilica—would be produced by re- 
versing the position of the atones between the 
elet^lrodes, or even by placing them between 
fresh plates. To my astonishment it was evi- 
dent that the electrodes do not, in these polarisa- 
tion effe^s, play ibe simple part of conductor, 
but that they acquire (under the electrifying 
influence) a peculiar electrical condition wkicti 
may be retained for whole days, and which is 
dispersed by the action of intense heat. This 
elet^rical condition could not, however, of itself 
d^fermine a polarisation current : to that end 
the dielectric must have undergone electrification 
under the influences of its own electrodes. 

With an uneleflrified diele-ftric no sensible 
current is produced ; but, once let the eledirodes 
and the dieledlric be simultaneously eleiitrified, 
they may then be separated for a long time, and 
the current will reappear on again being united. 
If, after the dielci5tric has been ele(5lrified , 
new plates replace the old eledlrodes, a weak 
current only is produced, and its importance 
depends on the polarisation-energy of the di- 
ele<!lric. Should it have been eletflrified for a 
ifew iiioments only, new eleiftrodes will generally 
traiismit no current ; but if eleiilrification h:is 
been prolonged the current may become tol'.- 
rably strong, without, however, acquiring t!it 
force the original eleiflrodes would have given. 
In order to study what takes place in the ' 



of paper placed one upon the other, and dains^ 
with distilled water.^taVing care to well Wipe 
them after moistening them, — ^and placing theiq 
between two plates of ebonite (the upper oiip 
being loaded with a leaden weight), the currei^ 
was sent through them by means of two eleCflrode^ 
iniroduced between the sheets and the insulati^ig 
plites. Similar experiments to those unde^i> 
taken with hard stones were made ; and I cbi^ 
— after having ascertained the polarisation t^ii 
determined — siaccessively take away the sh^^t^^ 
and assure myself of their polarisatfon con- 
dition, _ , 
From these experiments it appeared thatiht 
sheets were quite polarised and capable pf futr 
niihing an energetic polarisation current of 
shme direction ; but it was difficult to form an 
opinion of the importance of this current on ac- 
count of the decreased resistance when eacksheet 
was taken away. Once carried away theaa 
sheets preserved their elei^ric condition, but it 
was necessary to make use of the same elec- 
trodes that had elei5lrtfied theiiii to obtain a 
polarisation current. 

(To be continued,] 



ON 



A VERY SENSITIVE DRY-PILE 
ELECTROSCOPE. 



Is a recent number of the journal de Physiqut 
M. Auguste Righi gives dire<ftions how to make 
a dry pile eledlroscope of extreme sensibility. 
The piles, he says, should be rendered movable 
by means of screws fitted to their base ; the 
lower poles should communicate with the 
ground by the metallic gas-pipes, and the 
upper poles carry two broad parallel plates 
of brass, between which is the gold-leaf. 
The latter is very short and very narrow. The 
piles are approximated to the leaf till it is in 
very unstable equilibrium, and commences, with 
the least charge, to oscillate between the poles. 
On putting it then in communication with the 
jjround, at the moment when it is near its posi? 
lion of equilibrium, it is possible to maintain i% 
there. The communications with the ground 
ird those of the eondutlors with the gold-leaf 
should be made by soldering, or at least amal- 
gamation. 

The apparatus does not give false indications, 
and its sensibility becomes so great that it is 
easy to repeat the experiment of the double 
^ zinc-copper plate, even without a condenser. - 
I The author soldered to the stud of the instru- 
ment four metallic wires — platinum, copper. 
I iron, and zinc. When the gold-leaf is at first 
t moves whenever one touches th« 



terior of the dieie(£lrics under the influence of 1 
" " ■" ■ m, I.fprmfid my dielet^ric of sheets 

tof&iuil'tilEaA'i 'by Ibe A'u(^or. [ copper, and, lastly, the platinum, there ia ob* 



-■ ., . w , J, A .'^"'""" , I zinc or the iron wire, or ev^i! the coBpec ..If 
■ttyg^ificatio n, l.fprmfld my djele>^ric of sheets | ^^^ ^^^^^^-^ (he iinc, then the Sron.Uso t£ 
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served at first a great deflecflion, which dimi- 
nishes at each new contacfl. The same effecfls 
are obtained if, instead of touching the wires 
with the fingers, they are plunged into a glass 
of water, insulated or not. In delicate experi- 
ments the metals evidently must not be touched 
with the fingers. For ledlure experiments the 
author proje(5ls a very large image of the gold- 
leaf, with the Drummond light. The instru- 
ment is very convenient and easily managed. 

With this instrument the author repeated 
experiments on electricity of contacfl, described 
in the journal de Physique (t. iii., p. 19), and 
with the same results : in particular he observed 
that the charges between a disc of copper and 
one of zinc do not sensibly depend on the insu- 
lating medium in which the zinc is. The expe- 
riment still succeeds when the metal is covered 
over with a layer of gum-lac several millimetres 
in thickness. Between two discs of the same 
metal, but one of them covered with resin, no 
appreciable effedt is obtained provided the discs 
have a well-cleaned surface. 

M. Righi has also observed that on contadl 
of two discs of the same nature, at different 
temperatures, there is a difference of potential ; 
for all the metals and other condudlors examined, 
the cold disc takes the positive elecftricity. 
This does not agree with the experiments of 
Sir W. Thomson and M. le Roux,on the thermal 
eifedls produced byacurrentwhich passes between 
two parts of the same metal at different tem- 
peratures : these effedts are said to be in con- 
trary diretflion in certain metals ; in particular, 
iron and copper behave in two opposite ways. 
M. Righi has repeated the experiments with 
iron and copper. Each disc has an insulator of 
glass, and forms the bottom of a cylindrical 
case, which may be filled with water either at 
100° or at zero. The two discs of copper are 
taken and raised to nearly Ioo^ It is found 
that on putting them in contacfl they do not 
show a charge when brought to the eledlroscope. 
Then cold water is substituted for the hot which 
heated one of the discs, and it is observed that 
the cold disc is charged with positive elecflricity, 
the warm disc with negative. The signs of 
eledlricity disappear on cooling the other disc, 
or heating the first anew. 

If the two discs, being at the same tempera- 
ture, give small charges, which is frequently 
the case with iron discs, one may clean the 
discs, or cool that one which takes negative 
eled^ricity ; one then obtains an inversion of 
the elecflric signs. 

** Iron and copper, then, behave in the same 
manner, and not in an opposite manner. This 
difference between the elecflrostatic and the 
eledlrothermic experiments is also observed 
when one studies the eledlromotive forces of 
contadt." 



MAGNETO-INDUCTION MACHINES 
(Hefner-Alteneck System). 

The a«5lion of these machines — of which 
Siemens and Halske, of Berlin, and Siemens 
Bros., of London, have of late made several, of 
various sizes, for elecflrical lighting purposes- 
is based on the fadl that in a closed condudor 
an eledlric current is induced if a part of the 
conductor is made to pass between two contrary 
magnetic poles placed opposite each other : the 
direcflion of the induced current depends on the 
position of the poles relatively to the diredion 
of motion. The magnetic poles may either be 
those of a permanent steel magnet or of an 
ele(5lro-magnet ; in the latter case, according to 
the elecflrodynamic principle, the current fur- 
nished by the machine may itself be emplojed 
in strengthening the remanent magnetism of 
the ele(5lro-magnet. Messrs. Siemens make 
both kinds. 

The machine here described is a single appa- 
ratus, in which the core of the armature i% 
fixed, and the wire-helix alone caused to rotate. 
By fixation of the armature-core great induclive 
power is obtained, and consequently powerful 
currents. With about 380 revolutions per mi- 
nute of the wire-helix, and 9 to 10 horsc-po^-er, 
a light equal to 14,000 candles is obtained. 
Water is not required to cool the apparatus. 

In this machine (shown in elevation, Fig. i; 
in setftion, Fig. 2) the conducSlor, by the motion 
of which the eledlrical current is produced, is 
of insulated copper wire, coiled in several 
lengths and many convolutions upon a cylinder 
of thin German silver, in such a manner that 
each single convolution describes the longitudi- 
I nal secflion of the cylinder. The whole surface 
of the metal cylinder is thus covered with wires, 
forming also a cylinder closed on all sides 
(a, hyC, d\ Fig. 2). 

This hollow cylinder of wire encloses the 
stationary core of soft iron («, 5, 5', «S Fig. 2i. 
This hollow iron core is made stationary inside 
the cylinder of wires by means of an iron bar 
in the direcflion of its axis, prolonged at bote 
ends through the bearings of the wire cylinder 
to standards. 

Surrounding the wire cylinder for about two- 
thirds of its surface are the curved iron bars 
(n, n', s, s'. Fig. I and Fig. 2), the space be- 
tween these curved bars and the stationary iron 
core being nowhere greater than is necessary to 
permit the free rotation of the wire cylinder. 
The curved bars are themselves prolongations 
of the cores of the eledlro- magnets (e e, ee): 
the sides of these two horse- sjioe magnets 
(n, o — s, m and nS o^ — s», w») are connedledbr 
the iron of the two standards (o, m, and oS«*> 
The coils of the eledlro-magnets form tf 
ele(5lrical circuit with the wires of the rtvoh^ 
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cylinder, and upon revolution of the latter a i At each revolution of the wire cylinder, the 
powerful current pasaea into the elei5tro-inag- maximum impulse in each convolution will be 
netic coils, again exciting a still more powerful I attained when passing through the middle of 
current in the wires of the cylindrical armature, both magnetic fields, and will descend to zero 
The iron core of the cylindrical armature being when arriving vertical to that position. At thia 
very little distant from the poles of the eledlro- [ latter position will be a neutral line ; and, ac- 




magnets, in proportion to the extent of opposed [ cording to the eleflro-dynamic law laid down by 
iron surface, becomes itself an intensely power- Lene, a convolution startmg from that hne to- 
ful transverse magnet of opposite polarity lo wards- the north pole of the eleiflro-magnet 
the elcftro-magnet : the cylinder of wires thus would be subjea to a direifl: mduced current ; 
revolves in a field of highest magnetic in- the opposite wire (contmumg the convolution 
tensity ■ ■ | on the other side of cylinder) vrill be traversed 
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by a current of opposite diredlion — that is, op- 
posite with regard to right- and left-handed 
direiflions, hut of a same direction as regards 
circuit, the opposite wire bein^ subject to mag- 
netic induiflion of an opposite polarity. This 
aflion will take place with all convolutions, so 
that the currents caused to circulate in each are 
of the same cliredlion as regards circuit, but op- 
posite in mere diretftion, at opposite portions of 
the convolution. As the currents are colleifted 
by the terminal rollers, or brushes {presently to 
be described), they present in the two halves of 
the cylinder, as separated by the magneti 
neutral line, analogous poles to those of two 
batteries, supposing the two batteries to 
conneifted in parallel circuit, to give a current 
of quantity. 

The circumference of the cylinder is divided 
into eight eqiial parts. Two such opposite 
parts are coiled one over the other, with two 
equal lengths of wire ; the four ends of these 
wires being brought to the front end (a, b. Fig. 2) 
of the cylinder, and connefled to the eight 
metal sedlor springs (//') of the commutator, 
these springs being eleftrically separated by 
strips of ivory, as shown in Fig. 3. The seve- 
ral segments of coils of wire, however, form 




wire cylinder to be rotating in the dire^on of 
the arrow. 

These ele<5lncal impulses are collefled upon 
two metal rollers, or brushes, so that at two 
points diametrically opposite the single EcAon 
pass under the rollers, or brushes, with elastic 
pressure, yielding up to the latter their eleifbical 
charge. 

It will be seen, when following the course 
offered to the current with the conntdtiont 
described, that all eleiflrical impulses of the 
several helices will transfer to a BC<flor aniving 
at + positive eledlricity, and to a setftor anivin|; 
at — negative ele<5lricity ; and that here the 
rollers to which the terminals of the instniintnt 
are connedled must be applied to colled the 
eleiftric current, which will be constant and 



one continuous circuit {but not one continuous 
helix), being connetfled eleiftrically at the seiftor 
springs, as may be seen by tracing out the 
conneiflions, which show the following circuit ; — 
+ 1./. +4'. -4. g-. -1-6'. -6. A. +8'. -8.fl. 
+ 2 . - 2' . 6 . -f 3 . - 3' . c . - 5 . + 5' . d . - 7 . 



r wire are respedlively numbei 
^ and i, &c,, and the 
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Molarity of the eleiitrical i 



A slight increase of speed in the rotation of 
the wire cylinder effeifls a considerable increase 
of current. As the current increases so does 
the resistance to totation increase, and reoden 
necessary a higher driving power. This increase 
is very rapid. With increase of current there 
is also increased heat ; and were it not for this 
increased heat one might obtain, with sufBcieni 
driving power, almost any amount of current 
The heat developed at high speeds would ov-er- 
heat the insulatioh of the wire of the machine; 
therefore in continuous work the speed of tbe 
machine must no^ be taken too high. 

As the strength of the current also depcm^ 
upon the exterior resistance (line, &c.) the 
speed should be slower, the smaller that resist- 
ance or the total resistance in circuit. Wilhsn 
eleiftric lamp in a circuit of little resistance tit 
wire cyhnddr — if the machine is intended to 
work continuously — should not make more than 
370 to 380 revolutions per minute. The heating 
of the machine ti^ill then attain a maximum in 
about three hour's, and will, during working, 
remain constant at that temperature. The 
driving power at that speed is about 8 indicated 
horse-power (75 kilogramiAetres per second;. 

The intensity of the naked light at this speed, 
the light being unaided by any refleiflor or lens, 
and as tested by k ^unseh photometer, has re- 
peatedly been fdUnd equal to 14,000 normal 
(English) candled. This is believed to be the 
maximum iiitenslty obtainable with the eledrc 
light, as a moi^ powerful current splits utd 
breaks up even the best carbons. 

From the fafl that a closed circuit revolving 
or rotating in a magnetic field experiences great 
resistance to its rotation, to which an interrupted 
or non-continuouB circuit is not liable, moti« 
power to any extent is required only when the 
machine produces a currept, i.e., when the cir- 
cuit is closed. An interruption to the circuit. 



^regarded by itself) as they arise, according to I therefore, is equivalent to taking off the load 
f|^a:;oineQtaiyrektiye'|>osition, supposing the I ^^'''" ^^^ driving engine, which, for punl;^ ii» 
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alloy for use in thermopiles. The thermo-elec 
trie power of a meta! or alloy appears to hi 
quite unconnei5led with its power for conduifling 
heat or eletStricity, or with its voltaic relation to 
Other metais ; neither does it appear to hi 
any relation to specific gravities or atomic 
weights. The thermopiles employed were of a 
form slightly modified from that employed by 
Pouillet in his demonstration of Ohm's law. 
Alloys are frequently more powerful than ele- 
mentary rnetals ; thus, 2 parts of antimony and 
1 part of zinc have a negative power represented 
by 2270, while that of antimony is 5'96 or g'43H 
and that of zinc is 0-2. A strange exception 
however, is that of bismuth and tin ; for, whili 
the power of pure bismuth is +35-S, when the 
the two metals are alloyed in the proportion of 
12 to 1, the power becomes —13-67. Dr. Stoni 
first used a couple consisting of iron and ricl 
German silver (that is, rich in nickel). Thi: 
was charac'^erised by great steadiness, but the 
eleiftromotive force produced by moderate dif 
ferences of temperature was not great. He 
then used Marcus's negative alloy, consisting 
of 12 parts of antimony, 5 of zinc, and i of 
bismuth, but the crystalline nature and conse~ 
quent brittleness of this mixture were found to 
be great objeiilions to its practical use. It oc- 
curred to Dr. Stone that the addition of arsenic 
might diminish the britlleness without injuring 
the thermo-eleiitric power; and, on trial, it was 
found that an alloy of zinc, antimony, and ar- 
senic, with a little tin, formed a much less 
brittle mass than Marcus metal, with quite as 
great, or greater, thermo-eleiflric power. A set 
of twelve couples of this alloy and German 
silver was exhibited. The eleiftromotive forces 
of this set, and of a similar one of i2 iron and 
German silver couples, were determined by 
■Mr. W, J. Wilson, and found to be, for one 
alloy and German silver couple, with difference 
of temperature of So" C, i-io8th of a DanielTs 
ceil. The eletfltomotive force of one couple of the 
iron and -German silver set was i-648th of a 
Daniell's cell. The ordinary method of applying 
heat by a trough of hot water is objed^ionable, for 
;the water short-circuits some of the current : this 
is evident from the fatft that, if oil heated to the 
same temperature be substituted, a considerably 
'greater defleiftion is obtained. Another method 
- suggested by the author, which would tend to 
economy, is to allow petroleum to volatilise in 
the neighbourhood of one face of the pile, thus 
chilling it, and to ignite the mixture of air and 
gas so produced at the other face. Clamond's 
pile, consisting of iron and an alloy of zinc and 
antimony, was employed for some time, but, 
although good results were obtained, the iron is 
liable to rust at the connetSliona. 
■ Dr. Guthrie remarked that, in researches of 
this nature, the main obje(fl in view was to as- 



certain what relation, if any, existed between 
the direflion of the current and the amount of 
heat flow. He referred to the experiment with 
a tangle of fine platinum wire, by which it it 
found that, if either end of the wire be heated, 
a current flows towards the tangle, and this 
takes place however well the tangle may be an- 
nealed. He suggested that the great effefl 
which alloying one metal slightly with another 
has on its position in the thermo-eletflric scries 
may, perhaps, be connetfled with its change in 
condutfting power f^r heat. 

Mr. Walenn referred to experiments which 
he made some years since on thermopiles when 
used at high temperatures. The most powerful 
currents were obtained with a couple in which 
amalgamated copper was employed, but the 
power was soon lost, in consequence of the vo- 
latilisation of the mercury. Subsequently he 
employed wires of wrougbt-iron and German 
silver, and, although the results were not spe- 
cially remarkable at moderately high tempera- 
tures, the power became great when the 
conne(5tions were raised to a red-heat. 

Prof. Foster called attention to Mattbiessen's 
"Table oftheEkaric Conduiflivities of Meuli 
and Alloys," in relation to the use of the latter 
in thermopiles. The fa(5l shown by Matthiessen, 
that the condudlivities of alloys are greatly in- 
fluenced by changes of temperature, will pro- 
bably, he considers, be found to have some 
connexion with their thermo-eleiflric adtion. 
He also mentioned, as a fadl which should be 
remembered when considering the construdion 
of thermopiles, that the presence of minute 
traces of impurity completely changes the elec- 
tric conducftivity of a metal. 



INSTITUTION OF CIVIL ENGINEERS. 

At the second meeting of the Session, heldtm 
Tuesday evening, the i6th of November, Mr. 
George Robert Stephenson, Vice-President, in 
the chair, the paper read was " On the Pneu- 
matic Transmission of Telegrams," by Mr. R. 
S. Culley, M. Inst. C.E., and Mr. R. Sabine, 
Assoc. Inst. C,E. 

The paper commenced with a short sketch cS 
the history of the process, and gave a statemenl 
of the extent to which it had now attained. 
There were twenty-four pneumatic tubes in 
London, of an aggregate length of 17 mile* 
ii5o yards, four tubes in Liverpool, three in 
Dublin, five in Manchester, three in Birming- 
ham, and one in Glasgow. The London sys- 
tem was described. When the number of tubei 
became large it was found necessary to simplify 
the valves and sluices, rendering them lesi 
automatic, but easier to keep in order, than the 
«ariier apparatus. Lead was preferred to imo 
as the material for the tubes. An experience of 
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twenty-one years had shown that with felt 
message-holders, or carriers, there was no abra- 
sion of the metal, which became highly polished, 
and that the tubes were pracflically air-tight, the 
exhaustion in one, 1289 yards in length, occu- 
pying thirteen minutes in falling from 17*25 ins. 
of mercury to atmospheric pressure, including 
the leakage from the valves. Iron had been 
used for two tubes, each 2610 yards long, but it 
was found to rust rapidly and to wear out the 
carriers. In the Paris system the iron tubes 
did not rust, and it was suggested that the dif- 
ference was due to the air in Paris being care- 
fully cooled by water, and to the fridlion of the 
heavy carriers of iron covered with leather; 
while the air in London was used warm from 
the pumps, and the carriers were made as light 
as possible. The diameter adopted for the tubes 
was 2j inches, as being large enough to carry 
the traffic with sufficient speed, and not so large 
as to require a costly volume of air. The pro- 
cess of laying and jointing the tubes was ex- 
plained. The carriers were cylindrical boxes of 
gutta-percha, covered with shrunk drugget ; 
their weight was 23 ozs. The traffic was regu- 
lated by elecflric signals. Stoppages were rare, 
and were cleared by filling the tubes with water 
and applying pressure. It had never been ne- 
cessary to open a lead tube, except in cases of 
bad construction or of external injury caused by 
workmen. The engines were on the Wolff 
principle, and in ordinary work expended 134 
indicated horse-power. The pumps were so 
arranged that each could be set to compress or 
exhaust at pleasure, and the air-valves were 
fixed in sliding pieces, so that a defecftive valve 
could be quickly replaced. 

The paper went on to show why a much more 
costly system of tubes and much larger engines 
were requred in this country than in Paris, 
Berlin, or Vienna, where the pneumatic system 
was also in operation. On the Continent, with 
perhaps an exception as regarded the Paris 
Bourse, trains of carriers were run at fixed 
times, in Paris every quarter of an hour ; but 
in England a message was never delayed — 
speed was the first requisite, and carriers fol- 
lowed one another as rapidly as possible. The 
tubes could not therefore, as a rule, serve more 
than a single station ; stations could not be 
grouped in circles ; but each tube had to be 
dire<5t, and as short as possible. An opinion 
expressed during a former discussion of the 
8ubje(5^, that pneumatic was more costly than 
eledlric transmission, was shown to be erro- 
neous ; for the total expense of the former in 
London was barely two-thirds of the amount 
which would have been required to pay the 
salaries alone of the clerks needed under the 
latter, irrespetflive of the cost of wires and in- 
Btruments. 



Theoretical principles were next discussed. 
Formulae were given for the mechanical effedl 
performed by air in expanding, for the volume 
of denser air which entered the tube during the 
transit of a carrier, for the speed of carriers, for 
the times of transit, for the mean weight of a 
cubic foot of air both for pressure and for 
vacuum working, and for the work done in com- 
pressing and exhausting the air. The results 
of experiments followed. First special experi- 
ments on a tube 5523 feet long, having an in- 
termediate station ; then on another tube 
4227 feet long, showing the close coincidence of 
the acflual times of transit under various 
pressures, with the times calculated by the 
formulae previously given. The experiments 
showed also that the speed of a carrier driven 
by compressed air was greater when the 
pressure was cut off aft»r each transit ; or, in 
other words, that there was a loss of speed 
when the air was kept constantly in motion. 
In the former case the carrier started into a 
comparative vacuum at atmospheric pressure ; 
in the latter case, into dense air ; consequently 
the higher the pressure employed the greater 
the difference in speed — with 14 lbs. pressure 
the difference was 6 per cent. In working by 
vacuum a reverse result obtained. The experi- 
ments likewise demonstrated that the pressure 
fell to zero at the distant end, and almost regu- 
larly with the length, but not quite so. With 
an initial pressure equal to 18 ins. of mercury 
the pressure at the end of a tube 8454 feet long 
was 9*75 ins. instead of 9 ins., and in every 
case there had been a higher pressure at inter- 
mediate points than that due to their position, 
when the fall of pressure was represented by a 
straight line. This result was attributed partly 
to the inertia of the air, partly to fridlion. The 
experiments also showed that when compressed 
air was admitted into a long tube, or the air was 
pumped out of it, a sensible time elapsed before 
the permanent condition of the air-pressure was 
established. In a tube 5523 ft. long this interval 
was forty-five seconds for the end next the air- 
pump, and about seventy-five seconds for the 
centre of the tube. The temperature of the air 
issuing from a tube was not lowered to an extent 
corresponding with its expansion in the tube, 
because it gained heat from the soil in London ; 
but in Berlin, where the tubes were bedded in 
dry sand, the theoretical temperature was more 
nearly attained. Comparing a 3 in. tube with a 
2 J in. it was shown that more than double-engine 
power gave only 16 per cent higher speed in the 
larger tube, so that any increase of diameter 
above that adlually necessary to carry th« trafl&c 
in the required time was attended with unne- 
cessary expenditure. Again, by doubling the 
pressure only 30 per cent in time was saved, 
bSff'jtImce the engine power was needed. la 
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percha, approximately, and about 250 lbs. of 
vulcanised india-rubber. 



two tubes, each 1000 yards long, one 3 ins. and 
the other 2j ins. in diameter, by working the 
larger with a pressure of 5 lbs. and the smaller 
with one of 7 lbs. the transit was made in nearly 

equal times, while the engine powers were 2*6 . , j • t> ir 

horse-power and 2-i horse-power respecflively. arrangement of apparatus employed by Dn Kerr 

at the higher pressure was '"^ ,^}^ ^^^^".^ researches (see Elect. News, 



At a meeting of the Physical Society, on 
Saturday last, Professor Guthrie exhibited the 



The smaller tube at the higher pre 
therefore the most economical. The tubes 
should in consequence be as small as possible. 
The relative economy of working by vacuum, or 
by pressure, was then considered, to determine 



vol. i., p. 214). He also showed certain ezpen- 
ments connected with the investigation. 

In a recent number of Les Mondes the Abb6 
Moigno direcfls attention to hygienic application 



at which end of a tube, required {or traffic in ^f elecflricity. From his remarks it would ap- 



one direcflion only, the engine should be placed. 
It would at first sight appear that vacuum would 
be less expensive, because there was less weight 
of air to move than when using pressure. But 
as the rarefied air gained heat from the tube as 
it passed along, the volume which must be re- 
moved by the pump was greater than it would 
otherwise be ; so that pracflically the cost of the 
two systems was the same. Then followed 
tables for the solution of the various economical 
questions connedled with the system, and prac- 
tical rules for their use, framed with the objecfl 
of enabling those who wished to arrange systems 
of transmission to calculate the pressures, times, 
and power required. 



NOTES. 



Mr. T. T. P. Bruce Warren has introduced a 
new form of patented insulated wire, for general 
telegraphic purposes, which, having been found 
to be elecflrically durable and permanent, is 
suited for use in situations where liable alter- 
nately to exposure, to air and submergence in 
water. Three lengths which were made in 
February, 187 1, have been shipped to Brazil 
and carried dry for nearly ten months on board 
ship, through the West Indies and the tropics, 
and on their return, when again tested (Novem- 
ber, 1875), after being kept in water for several 
weeks, were elecflrically and mechanically as 
good as when manufacflured. These cores con- 
sisted of a strand of seven wires, weighing 
107 lbs. per nautical mile, insulated with about 
30 lbs. india-rubber, and a single wire, weighing 
about 50 lbs., with 25 lbs. india-rubber — both 
without any mechanical protedlion whatever. 
A pressure of 600 lbs. per square inch, main- 
tained for twenty-four hours, has been found to 
produce no effe<ft whatever on this wire, which 
fddl', combined with its high insulation and 
freedom from hiechanical or chemical changes, 
even in thin coatings, points to its suitability 
for siibiharine telegraphs. The insulation re- 
sHtance of these wires is about 3000 millions 
B. A. units at 75^^ (first minute's elecflrification). 
Its specific indudlive capacity shows that 
160 lbs, is equal to 400 lbs. of ordinary gutta- 



pear that Dr. Poggioli has devised a system of 
** elecflrical gymnastics." The exadl nature (rf 
these ** gymnastics " is not stated, but it is 
mentioned that recent trials, in the presence of 
a Committee appointed by the Prefeifl of the 
Seine, upon twenty-one school children of 
known physical weakness and mental debility, 
resulted in improved respiration and appetite, 
as Well as in improved mental conceptions and 
art increase in height, weight, and chest-mea- 
surement. These beneficial effecfls are said to 
have remained three months after the conclusion 
of the course. Les Mondes also states that the 
same Dr. Poggioli has succeeded in proving that 
elecflricity may be usefully employed as a seda- 
tive, in nervous affecftions and certain acste 
forms of disease. 

At the instance of Admiral Likhatchoff,tlie 
Revue Industr telle mentions that the eledfic 
light produced by Gramme's magneto-clcdWc 
machine has been introduced on the Impend 
Russian yacht Livatia, Another of the latter, 
to which a refledlor of pceuliar constniiftion is 
attached, is being prepared by the Paris fina 
of Messrs. Sautter, Lemmonier, and Co., for the 
new Russian ironclad called Peter the Great. 
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Comptes Rendtis Hehdomadaire des Seances b 

VAcademie des Sciences, 

Vol. Ixxxi., No. 17, Ocftober 26, 1875. 

Magnetic Observatiofts made at the Isle Sifli 

Paul in November and December, ifef-^" 

Cazin. — The volcanic rocks composing 4 

foundation of this isle are ferruginous. * TboS 

on the north side of the crater, and which tf 

suit from the slips whereby all the eeisi skje^ 

the mountain is laid bare, attraft the twop4» 

of a magnet, and contain 6 per ceBt'o(u*»j 

Those met with arpiind tKe cones of scor^ 

situated at the foot oF the exterior slopes of J 

crater, on the sea shorCi arc true magnets " 
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two poles, containing 14 per cent of iron. The 
observations made for declination and inclinaticn 
indicate the local ai^ion of a south pole towards 
the centre of the crater, a faiil which should 
warn navigators to guard against the magnetic 
influence of this isle. 

New Spectro-BUctrie Tube (Modified Deto- 
nator).— li. Delachanal and A. Mermet.— This 
is eminently praiftical, since it realises the 
following advantages : — (i.) Fixity of the spark 
admitting the prolonged observation of thu 
spci^ra. ' (z.) Suppression of the meniscus, and 
consequently of the absorptions which it pro- 
cuces by partly hiding the spark, (3,) Ele(^rodes 
enclosed in a special tube which preserves the 
instrument from corrosive projeiflions. (4.) Pos- 
sibility of colle<5ting wholly the substance exa- 
mined. (5.) The possibility of constituting a 
group of spciflroscopic tubes enclosing, each 
immovably, solutions of various bodies, and 
permitting rapid demonstrations and compari- 
sons. In description it is a tube 11 cm. high 
and i'5 cm. in diameter. A lower platinum 
eleiftrodc passes through the bottom of the ap- 
paratus, which is of glass, and rounded similar 
to a test-tube. The upper portion is closed with 
a cork, through which a capillary tube passes : 
the capillary tube is traversed by a platinum 
wire which nearly meets the lower eledlrode. 
The important portion of the apparatus is the 
small capillary tube. To use it : — Into the 
large tube the solution to be examined is poured. 
taking care not to touch either eleflrode — the 
lower one as well as the upper being cased in a 
capillary tube. The liquid is poured nearly 
Tevelwith the top of the lower eletfErode. Capil- 
lary force deterihines its ascension to the top,. 
apon which an immovable drop is formed, and 
which becomes illuminated when an induiflion- 
current is on. Observation may thus continue 
indefinitely, so as to admit drawing the speiflra. 
On Nebulous Spirah.~G. Plant6.— A theo- 
retical paper on the physical constitution of 
heavenly bodies, deduced from the observation 
of elciflrical phenomena. 

Note on the Observed Relations, at Trevau- 
drurh, between tlie Resiills of Magnetic Observa- 
tions and the Period of Solar Spots. — A. Broun. 

Bulletino Telegrafico. Anno xi., August, 1875. 
Galvanic Deposition upon Porcelain. — The 
fiollowing process has been recently Invented in 
prance, by M. Hansen, for dep6siting;_metalUc 
boatings upon substances which are poor con- 
dufiora of eledlricity i^Sulphur is dissolved in 

~ oil of lavender and evaporated to a syrup ; 
chloride of gold or of platinum is also dissolved 
in ether. The two solutions are mixed and 
ttightly heated. They arc finally evaporated to 

' ttiS e9n|iqten«e of ordinary oil-paint, and ap- 



plied with a pencil to those parts of the glass or 
porcelain upon which it is desired to deposit the 
metal by the battery. 

September. 
The principal articles in this issue are — a 
translation of the inaugural speech of Mrl 
Latimer Clark, as President of the Society of 
Telegraphic Engineers; a survey of the pro- 
gress of submarine telegraphy; and a paper giving 
an account of an eledlric whistle for locomotives, 
the invention of MM. Lartigue and Forest, 
and now in use on the Northern of France, 
between Paris and Amiens and from Creil to 
Tergnier. 

Carl's Repertorium fur Experimental Pkystk. 
band xi., Heh 4. 

Theory of the Galvanometer. — M, H. Weber. 
— In this first portion of his paper the author 
first considers the case of a galvanometer with 
any current curve. To have its maximum sen- 
sibility, its resistance must be to that of the 
rest of the circuit as the diameter of the wire 
uncovered with silk to that of the covered wire. 
He also studies mathematically the case of 
galvanometers with circular current-curve, the 
wire covering being negleifled ; and galvano- 
meters with close enclosure of the needle ; and 
gives some applications of the formulje obtained. 
Magnetic Observations in Prague in 1873, 
Apparatus for PerforalingGlass with the Elec- 
tric Spark.— MM. Terquem and Trunnin. — 
This consists of two movable parts. In the 
upper, a vertical brass rod, with ball above, 
point below, is enclosed in two concentric glass 
tubes, the small intervals being filled with colo- 
phonium. The brass point reaches through to 
the lower side of a horizontal glass plate at-' 
lached to the tubes. In the lower part of tha 
apparatus a right-angled brass rod is fixed, alsdt 
in colophonium within a glass tube, its verti^^ 
part passing up the middle, and terminating iir 
a point on the upper side of a horizontal glass 
plate resting on the tube. The tube is supporttd 
on porcelain and wood. The plate to be perfo- 
rated is first coated with oil, and put between 
the two horizontal plates of the apparatus. The 
metallic points are brought opposite each other, 
and the outer ends of the rods put in connexion 
with an electric machine or indutflion-coil. 

Les Mondes. 

Vol. xxxviii.. No. 7, 0<5tober 14, 1875. 

The Copper-Zinc Couple and its Effects.—}. 

H. Gladstone, Ph.D., F.R.S.— (See Elsct, 

News, vol. i., pp. 4 and 37.) 

No. 8, 
Qpntains nothing suited to our pages. 



234 



Electrical Science in Foreign Journals. 



(BucTMut Hnt, 



Journal de Physique. Odlober, 1875, 
On the Thomson Electrometers.— M. Alfred 
Angot.— The author takes the quadrant ele<ftro- 
meter and the new absolute eleiftromeler as 
types of the two categories of instruments Sir 
W. Thomson has devised for measuring static 
eleiflricity, and he describes— clearly and with 
some detail — the latter instrument. 

On the Charge 0/ the Insulating Layer of a 
Condenser. — M. Neyreneuf. — With plates of 
glass and caoutchouc, whatever the time of 
charge, M. Neyreneuf geta the following re- 
sults : — (1.) With a single plate the eletflrlfica- 
tion is inverse on the two faces, positive on the 
side of the positive armature, negative on the 
other side. (2.) With a composite plate the 
eledlrification is the same, for the two extreme 
pl.ites, as in the case of a single plate. The 
persistent eletftrification of the intermediate 
plates is also the same ; but at the moment of 
their separation, and by simple approach of the 
eletlroscope originally charged, the plates may 
appear positive and negative on theirtwo faces. 
This temporary effeul disappears rapidly when 
the plate experimented with is held some time 
in the air. (3.) The position of the plates, tem- 
porarily positive or negative, is not at all in 
relation with their nearness to such and such an 
armature. As regards plates of mica, he finds 
that certain plates do not appreciably change 
when the charge has aiited a long time, while 
they give distinct effects with a continued less | 
charge. When the persistent effedl is obtained , 
with a plate held in the air, if it be placed with , 
its negative face on a plane surface, either insu- ] 
lating or not, it adheres to it, and on being 
removed presents a temporary negative eleiftri- , 
fication. If the experiment be repeated with 
the positive face, the temporary eletflri fication is 
positive. Making the Lichtenberg figures on 
the plates when strongly charged, he observed 
(on the parts between the condudling plates) 
that the two eleiftricities existed simultaneously 
on each face ; the yellow regions, broad and ir- 
regular on the positive faces, were separated 
from the neighbouring red regions by a zone 
which remained transparent, as if it were in a 
neutral state. On the negative faces there was 
a large circular red region, but at the centre a 
small yellow circle indicating the presence of 
positive eleiftricity. 

Poggendorff's Annalen der Physik uni Chemie. 

No. 9, 1875. 
Motions of Electricity in Bodies of Molecular 
Constitution.— U. Wilhelm Weber.— A theo- 
retical paper, hardly suited for abslradtion. 
The author considers that the movable parts {in 
all ponderable bodies) whose motion is heat are 
identical with the parts whose motion is mag- 
netism and galvanism. In one mode of propa- 



gation of heat, that in metallic conduflors 
(conduiflion), the eleiflric particles which are the 
bearers (Trager), of the vis viva, them«l\-ei 
pass across the limiting surface between two 
ponderable elements ; in another mode, that in 
insulators (radiation), they do not. With these 
coincide two kinds of propagation of electricity, 
with or without the " bearers." 

Further Facts toward establishing a» Adi. 
quale Theory of Electro-MacRines of the Siconi 
Kind. — M. PoggendorfF. — While still holding, 
as mainly corretfl, the theory of those machina 
which he propounded to the Berlin Academy in 
1872, he finds it left out of account many fafli 
requiring to be understood. If one (a) of the 
two discs (which move in opposite diredioDs) 
be stopped, the other-(6), when rotated, suppliei 
a current in the same diredlion as before. If 
the stopped disc be turned round through 360', 
and again held, the result — on rotating b — will 
depend on the dire^ion in which this turning of 
a has been done; if in the dir%(5lion of id 
former rotation, the current in b is unaltered; , 
if in the opposite dire^ion, it is reversed, Aod 
the same holds good for a turning of a throng 
180', or even 90°. Another class of new pbt- 
nomena occurred when, after displacing 1 
through a certain arc, it was again screwedfad 
and put in rotation, one way or the other, alocf 
with b. Here a displacement of go" hadooin- 
fluence; but if.a was turned 90" to the left laJ 
6 go" to the right, and that siinulianeouslji,\bKK 
I was a reversal of the current. If a woe 
I turned round 180° in dire(tion of its otigiml 
1 rotation, then back again, the current ww ift 
' versed. These phenomena, and a numba^ 
others (some of them conneifled with the aw* 
' a diametral conduiftor), M. Poggendorff does nd 
, profess to explain. It is evident (he sajs}ti«l 
; the eleitricities covering the internal surf»cec( 
I those discs have, on their displacement, tcfl- 
tain influence on each other, through wbii 
■ they undergo another arrangement, being ifr 
. placed or turned. The case is not explaindll 
1 induction, and M. Pogg:endorfr inclines to tbe» 
sumption of polar particles of eleiilricity, 
I have a determinate position in the discs, unfa 
displacement of these are turned round. 

Use of the Electrometer for Delermina^^.', 
Intensity of Current, Polarisation, and Re^_ 
ance. — M. Fuchs. — He uses Hankel' 
eleitrometer, the divergence of the leaves beifj 
observed through a microscope. K 
how, with the elcdlrometer, one may 
at once the strength of current in 
measure ; also the polarisation of a singk' 
trode while the circuit is closed; uidttut^ 
greater the resistance to be measured, tbea 
fitted is the eleiJlrometer, and the less fittedi 
galvanometer, for measuring it. The 
meter still has some drawbacks, and U. 
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further describes an attempt at greater accuracy 
by a combination of the eledlrometric with 
Poggendorff's compensation method. 

The Theory of Influence Machines. — M. 
Veltmann. 

COMMERCIAL NOTES. 



The traffic receipts of the West India and 
Panama Telegraph Company, Limited, amounted 
in July to £35541 as compared with £2884 in the 
corresponding period of 1874 ; and in August to 
;f 2992 as compared with £2339 in the corre- 
sponding period of 1874. 

The traffic receipts of the Brazilian Sub- 
marine Telegraph Company, Limited, for the 
month of Odtober, 1875, were £10,576, against 
£10,581 for the corresponding period of 1874. 

The traffic receipts of the Eastern Extension, 
Australasia, and China Telegraph Company, for 
the month of Ocflober, 1875, were £19,604, 
against £16,584 for the corresponding period of 
1874. 

The Eastern Telegraph Company's traffic re- 
ceipts for the month of Ocflober, 1875, amounted 
to £35»757» and to £32,853 in the corresponding 
period of 1874. 

The traffic receipts of the Direc5l Spanish 
Telegraph Company, Limited, for the month of 
Odtober, 1875, were £1580, against £1386 in 
the corresponding period of last year. 

The Great Northern Telegraph Company re- 
port as follows : — Traffic receipts for the month 
of 0(5lober, this year, 387,084 frs. ; last year, 
420,885 frs. Total traffic receipts, ist January 
to 31st October, this year, 3,574,032 frs. ; last 
year, 3,748,925 frs. 

The receipts of the Submarine Telegraph 
Company for the month of Ocflober, 1875, were 
£10,918 IS. iid. ; those for the corresponding 
month of the preceding year were £9910 14s. 4d. 

Creditors of the European and South-Ameri- 
can Telegraph Company, Limited, must send 
particulars of their claims to Mr. F. Whinney, 
the liquidator, by the ist of January. 
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APPLICATIONS FOR LETTERS PATENT. 

3762. T. A. Edison, of Newark, New Jersey, 
U.S.A., for an invention of ** Improvements in au- 
tographic printing." — Dated Odtober 29, 1875. 

3795. Gcminiano Zanni, of Highbury, Middlesex, 
for the invention of ** Improvements in ma^neto- 
eledtric telegraph signalling, indicating, and pnnting 
apparatus, applicable for steering vessels, mining, 
railway, and other purposes. — Dated November i, 

X875. 

NOTICES TO PROCEED. 

2205. Charles Clamond, civil engineer, of Paris, 
Prance, temporarily resident at Lombard Street, 



London, has given notice in respe<5t of the invention 
of *• Improvements in eledlro-motor machines, also 
applicable for the generation of eledtricity." 

2335. Auguste Conod, watch and clock manufac- 
turer, of Lausanne, Switzerland, now of Southampton 
Buildings, London, has given notice in respedt of 
the invention of ** Improvements in eledtric-clock 
apparatus, parts ot which are applicable to ordinary 
clocks." 

2351. A. M. Clark, patent agent, of Chancery Lane, 
Middlesex, has given notice in respect of the inven- 
tion of ** Improvements in telegraphic circuits." — A 
communication to him from abroad by W. E. 
Sawyer, of Washington, Columbia, U.S.A. 

2395. Henri Adnen Bonneville, patent agent, of 
the British and Foreign Patent Offices, 18, Rue de la 
Chauss^e d*Antin, Paris, France, and 6, Piccadilly, 
Middlesex, has given notice in respedl of the inven- 
tion of ** Certain improvements in eledlro-magnetic 
telegraphs where induced currents are used, and 
also in apparatus for producing such induced cur- 
rents." — A communication from Robert Kirk Boyle, 
eledlrician, resident in New York, U.S.A. 

3382. W. P. Lyon, of Ellington Street, Barnsbury, 
Middlesex, has given notice in respedt of the inven- 
tion of " Improvements in the means or method 
of applying magnetism for curative and other pur- 
poses.'* 

3416. J. H. Johnson, of Lincoln's Inn Fields, 
Middlesex, has given notice in respe<5t of the inven- 
tion of ** Improvements in eledtro-magnetic engines." 
— A communication to him from abroad by Jos^ 
Santiago Camacho, of Paris, France. 

3431. J. A. Morton, elcdlric bell-hanger, of New- 
castle-upon-Tyne, has given notice in respe<5t of the 
invention of ** A new or improved self-adjusting 
ele<5\ric-bell indicator." 

GRANTS OF PROVISIONAL PROTECTION 
FOR SIX MONTHS. 

3600. To William Ladd, philosophical instrument 
maker, of Beak Street, Regent Street, Middlesex, 
for the invention of "An automatic combined key- 
switch for use in conne<5lion with submarine or other 
telegraphic wires." — A communication to him from 
abroad by Andrew Jamieson, telegraphic engineer, 
of Pernambuco, Brazil. 

PATENTS WHICH HAVE BECOME VOID, 

By reason of the Non-payment of the additional 
Stamp Duty of ;f5o, before the Expiration 
OF THE Third Year from the Date of such 
Patents. 

3109. G. B. McKenzie Ross, of Ardgay Cottage, 
Ross, N.B., for an invention of *' Improvements in 
preserving telegraph poles, the posts of wooden 
fencing, and other similarly exposed or partly em- 
bedded wooden surfaces, and in the means employed 
therefor." — Dated Odlober 22, 1872. 

LETTERS PATENT FOR INVENTIONS 
WHICH HAVE BECOME VOID, 
By reason of the Non-payment of the additional 
Stamp Duty of ;fioo, before the Expiration 
OF THE Seventh Year from the Date of such 
Patents. 

3224. E. O. W. Whitehouse, of Stoke Newington, 
Middlesex, for an invention of **A new (or improved) 
mode of protedting insulated telegraph wires." — 
Dated October 21, 1868. 
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PATBNtS GRANTED IN FOREIGN STATES. 

France. 
- io6i645. i/citer, for *' A galvanic apparatus.'* — 
PaUd January 30, 1675. - - 
•. 106,741. Kosloff, for ** Eledlric apparatus for pro- 
(hicing fixed and permanent light by dividing the 
dearie current from any source, battery, &c. — Dated 
February 8, 1875. 

» io6,39i5. Deschiens, for ** Improvements in tele- 
graphic apparatus." — Dated February 22, 1875. 

106,914. Siemens and Halske, for " Improvements 
in using caoutchouc for type." — Dated February 22, 

1875- 

106,966. Douce, for ** Improvements in eledtnc 

batteries."— -Dated February 25, 1875. j 

Certificates of Addition. 

100,997. Camacho, for " Improvements in eledtro- 
magnets." — Dated February 6, 1875. 

104,673. Guyot d'Arlincourt, for ** Improvements 
in printing telegraphs."— Dated February i, 1875. 

98,045. Siemens and Halske, for " Eledtro-optical 
signals for railways. * — Dated February 2, 1875. 

10,1, 15O. Trouv6, for ** A galvanic battery with two 
liquids."— bated 1-ebruary 4, 1875. 

Belgium. 

37^68. J. X-aguessc, of Grivegnde-Li^e, for "An 
insulator for telegraph-lines." — Dated Odtober i, 

3^875. 

37.982. J. Faulkner, for an imported invention of 

1* Improvements in Altendi de Faulkner's eledtric 
apparatus," — Dated Odtober 5, 1875. — (French pa- 
tent, Oabber 4, 1875.) 

37.983. A. Billet, a patent of improvement for 
•*An automatic regulator for telegraphic apparatus." 
— Dated October 5, 1875. — (Original patent, August 
16, 1875.) 

United States op America. 

168,004. Printing telegraphs. T. A. Edison, of 
Newark, N.J , assignor to the Gold and Stock Tele- 
graph Company, of New York, N.Y. Filed June i, 
iSy^. — Claim, (i.) Two eledtro-magnets in the elec- 
tric circuit, with an armature moved between their 
cores in consequence of reversing the polarity of the 
pulsations, such armature a(5tuating the lever and 
type-wheel, in combination with the lateral cores of 
the eledtro-magnet and the armature that operates 
the printing-lever, as set forth. (2.) The arrange- 
ment of the type-wheel lever and armature between 
two ele(5lro-magnets, and an armature and lever at 
one side of the type-wheel, operating an impression- 
pad at the opposite side of type-wheel, substantially 
at set forth. 

168,018. Magmto-electric machines. Otto Heikel, 
of Jersey City, N.J. Filed June 5, 1875. — Claim. 
(i.) The magneto-eledtric machine, containing he- 
lices that arc conne<5ted together and combined with 
the circuit-wires, cores, and stationary magnets, ar- 
ranged substantially as set forth, to produce a conti- 
nuous circulation of the eledlric current in one 
direction, as specified. (2.) The revolving core a, 
contiguous to the stationary magnets, in combination 
with the helices, arranged in respe(5t to the core, 
substantially as set forth, to induce a continuous 
current flowing through the helices, as set forth. 

168,1^3. Automatic telegraph-keys. L. S. Crandall, 
oi New York, N.Y. Filed August 21, 1875.— C/am. 



(i.) An automatic telegraph-key, composed of a 
series of pivoted spring keys or levers, provided witii 
cam or contadt pieces of varying «hape, correspond- 
ing to the Morse character of. their letters, in 
combination with projecting arms oif a commoa 
transmitting-shaft, spring-pawl, ratchet-wheel, anj 
insulated metal tongue, — ^the keys, shaft, and ratchet 
being connected to one pole, the tongue to the other 
pole, of the battery, to transmit messages by me- 
chanical means, substantially in the manner and for 
the purpose set forth. (2.) The shaft provided with 
a series of cam-operated arms D, and a single pawl- 
arm, having a spring retra(5tor, as an4 for the pur- 
pose set forth. (3.) In automatic telegraph-keys the 
spring keys, or finger-levers, prqvided with csun or 
contadt pieces having stem-shaped projections and 
intermediate extensions for producing the required 
feed of the ratchet and the dwell at points of conta<^ 
and non-contadt, substantially as specified. 

168,144. Automatic telegraph -keys. L. S. Crandall, 
of New York, N.Y. Filed August 21, 1875. — CUim. 
(i.) An automatic telegraph-key for mechanical 
transmission of message^, con$tru<5ted of a^ehesol 
sliding spring-keys representing the letter^ of the 
alphabet, and conne<5ted, by spring-pawls an^ ratchet- 
wheels, with a corresponding number of revolving 
wheels with partially-insulated circumferences, and 
with spring tongues or riders in contaA therewith, 
said wheels being connected to one pole, while the 
tongue is connected to the other pole, substaotialif 
as and for the purpose specified. (2.) The combifii- 
tion of two sliding spring-keys, having spring-pawls, 
with one transmitting-wheel, provided with ratchet- 
wheels placed in opposite direction to each othei; 
for the purpose of coupling keys having letters with 
reversed Morse characters, substantially as show 
and described. 

168,185. Electric circuit-breaking clockwork. Darid 
Rousseau, of New York, N.Y., assignor, by oaesfic 
assignments, to W. F. Smith and S. Samuels, of tk 
same place. Filed August 13, 1875. — Brief, The 
circuit-breaking train of wheels a<5ts only at thctice 
when, in the course of the revolution of a pin-wheel 
in the time-keeping train, the pins have advanced 
sufficiently to allow the escape of an arm prcjediB{ 
from a spindle of the circuit- breaking train.— -Cki«* 
(i.) The arm a, combined with the rotary whedd 
and intermittently-rotating wheel h, to constitute a 
circuit-breaker, substantially as herein shown aod 
described. (2.) The combination of the main-spriaj 

B, which rotates the wheel rf, with the main-spno{ 

C, arm a, and circuit -breaking wheel A, substintiafly 
as herein shown and described. 

168,242. Transmitters and receivers for autcmaik 
telegraphs. T. A. Edison, of Newark, N.J., assignee 
to himself and G. Harrington, of Washington, D.C 
Filed January 26, 1875. — Claim, (i.) The traositil- 
ting-drum / and receiving-drum c upon the same 
shaft, in combination with the receiving and trans* 
mitting stylus or rollers, n, o, and a clutch b\ for 
connecting either one drum or the other to the shaft 
bi as set forth. (2.) The two contadt-rollcrs i aod i*, 
applied in the transmitting-drum, one at each^ide 
of the roller n or stylus, in combination wiih tk 
wire 4, to guide the advancing end of the strip J 
paper, as set forth. (3.) The roller n^, removaik 
from the shaft c, and revolved by fridtion, and c«* 
taining points, in combination with tjie rcceifinc- 
drum # and yielding tolkf ^*; t^oWiifi^al^y << '^ 
forth. 



Blbcvrioa&Nbwi, ) 
Dee. 1,1875. J 
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Since the day when Eledlricity was first disco- 
vered, until now, its vast importance and its 
high destinies have grown upon the human 
mind. Fresh phases of its power, fresh results, 
new means of obtaining and governing its 
adlion, and multiplied ends to which it may be 
turned, have constantly discovered them- 
selves ; till to-day it stands out as one of the 
grandest suhjedls presented to the scientific and 
practical world for investigation and research. 
Perhaps, however, no other Science or Art 
has exhibited so extraordinary a concurrence 
of anomalies. It is at once the most ter- 
rible monster and the most humble and 
obedient servant , its adlion is at one moment 
beneficial, at the next destrucflive ; its range is 
boundless, yet it may be ** cabined, cribbed, 
confined " at ease ; it is everywhere present, 
while its nature is only imperfedlly understood ; 
and, to crown all, although it is one of the most im- 
portant agents in the a(flion and the phenomena 
of the universe, and increasing knowledge of 
its applicability to the needs of our race is of 
the utmost importance, no diredl means of as- 
certaining the thoughts and discoveries of its 
students, or of bringing them before the scien- 
tific and mechanical community, at present 
exist. Attempts have been made to supply 
this want, and journals have been started 
with the professed objedl in view of making 
public all that is known or can be learnt 
of Ele<51ricity in all its branches. But they 
have degenerated into unscientific records of 
unimportant events, and the purpose for which 
they were established has been lost sight of. 
Thus it comes that — while Engineering, Che- 
mistry, and other Applied Sciences have all 
their representative recognised organs — the 
Eledtrician finds himself without any current 
journal from which he can learn the events 
which are daily occurring of peculiar interest 
to himself. 



Such a want has now been supplied by the 
establishment of the Electrical News and 
Telegraphic Reporter. In its columns will be 
found the most valuable opinions of eminent 
Elecflricians and scientific men all overthe world. 
Articles will be contributed which will be of value 
not only to those who study Ele<5lricity as amateur 
experimentalists or scientific inquirers, but also 
to those whose daily life is bound up with the 
advancement of pradlical knowledge in all de- 
partments of the science, and who as elec- 
tricians, telegraphists, ele<5lrotypers, eleclnv 
platers, and chemists have continually to deal 
with the same marvellous agent of force ia 
different ways. Nor will the doings of foreign 
societies be ignored as in times gone by, but, 
in the shape of carefully prepared abstracts, 
their proceedings will be presented to our readers. 
Every opportunity will be given for the healrf:- 
ful discussion of the science in all its branches, 
and a fair unbiassed course will be steered ia 
all questions of dispute. 

This, then, is our Programme in brief. More 
we could promise, but prefer to let the new 
periodical speak for itself. The subjedl *"ith 
which it will deal is of too great importance to 
need one word of recommendation. Daily ex- 
perience teaches us that we are as yet on the 
threshold only of a vast expanse of eleclrical 
knowledge. This has to be explored, and is 
the research gains in strength and intelligeoce 
the results will be far beyond all present «»• 
ception. The feat of girdling the earth ii 
forty minutes will be eclipsed by great deedf 
yet to be done, and if the establishment d 
the Electrical News and Telegraphic 
Reporter conduces to the hastening of this 
desirable end our objedl will have been gained, 
and we shall be fully rewarded. 

Boy Court, Ludgate Hill, London, E.C. 
yuly I8t, 1875. 
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FURTHER NOTE ON THE ELECTRIC 

CONDUCTIVITY OF MINERAL 

SUBSTANCES.* 

By the Count TH. DU MONCEL. 

(Continued from page 225.) 

The cxperimenta referred to (Elect. News, 
vol. i., p. 225) having been repeated with damp 
substances, and having induced me to face the 
question in a new light, I again undertook the 
different experiments by analysing them in their 
minutest details. The results lead me to slightly 
modify my first theory regarding the passage of 
the current through hard stones. 

I commenced by examining the effedls deter- 
mined upon different kinds of condu(5lors, by 
elcdlrodes which had served to eledlrify the 
silica, or flint, of which I have already spoken ; 
then I separately studied the effetfls resulting 
from the ele<5lrification of the flint itself by 
making use of fresh electrodes of a different 
nature. In my last note I advanced the state- 
ment that the eledlrodes ele(5lrified by the flint 
in question were not susceptible of determining 
a current, but that the stone was able to provoke 
very slight ones, which would speedily become 
weakened : these conclusions I find must be 
somewhat modified. 

If, after having cle<5lrified the flint in qucs- 
tion, by means of platinum or copper ele(5lrodes, 
we take the ele(5lrified ele<5trodes and place be- 
tween them an uneledtrified stone of exa(5Wy 
the same nature as that which ele(5lrified them, 
a very energetic polarisation current is set up^ 
which may even develop itself after a rather 
long lapse of time, if the electrodes remain at 
rest untouched. Under these conditions, a very 
strong heat communicated to the ele(5lrodes 
causes their ele(5tromolive power to almost dis- 
appear, and, when they are again placed in 
conta(5l with the stone, no sensible current is 
produced. It is also the same (and this experi- 
ment seems decisive) if the electrodeSy after 
having been electrified by means of the stone, arc 
united by a metallic conductor or by a stone in- 
capable of furnishing an electrolytic conductivity. 
Yet if the unelectrified flint is used the current 
is developed anew, with almost the same 
strength as though the eledlrodes had not been 
submitted to the a(5lion of the metallic con- 
dudlor, &c. It is thus shown that the current 
furnished by the electrodes is not the result of an 
electro -static discharge. 



* Commomcated by t^o Author. 



V 1? \IT C I ^"^ y^^on consideration it appears that, in order 
N £ W S. for this •* ele(5lrode-current '* to be produced, it 

is necessary for the ele<flrodes to be united by a 
condudlor of elecflrolytic conductivity capacity. 
We may understand how the eledlromotive force 
giving rise to this current should evidently result 
from the eledlro-chemical polarisation of the 
eledlrodes ~ a polarisation which cannot be ac- 
companied by the creation of a current, unless 
the condensed gases find in thecondudlor uniting 
the eledtrodes a certain quantity of water. So 
we can substitute, for the condu(i\ors of which 
we have just spoken, a liquid condu(5tor. With 
distilled water the effeifl is almost the same as 
with the H6ronville flint, but the current is 
more energetic and less durable with ordinary 
water. On the other hand, since the effecfl is 
almost the same with copper plates as with 
platinum ones, we may conclude that the ab- 
sorbing property of platinum for hydrogen is 
not what determines the phenomenon, and that 
all metals are capable of preserving on their 
surface or in their pores the gases resulting 
from the water's decomposition. At one time 
of my experiments I had in my possession only 
one single sample cut from my H6ronville flint, 
and I then experimented with a piece of mag- 
netic iron : this gave polarisation effecfts analo- 
.gous to those from my Heronville flint, but this 
mineral — though a good conductor — is not en- 
dowed with great ele(5lrolytic condutflivity, and 
I was never able by its m<^dium to obtain appre- 
ciable currents : for this reason, therefore, did I 
make the assertion that platinum plates having 
served as elecflrodes to a stone could not furnish 
currents when re-united by a moderately con- 
du(5lible body — a statement which I now corre<5t. 
If we study the effedls produced by the elec 
trifled stone we find the stohe has become, like 
the ele(5lrodes, an electric source furnishing 
currents more or less energetic and durable, ac- 
cording to the duration of electrification and the 
nature of the body, but which with the Heron- 
ville flint are always inferior to those induced 
by the elecftrodes. It at first seemed diflicult to 
admit that these currents could have a common 
origin with those provoked by the eledlrodes ; 
for, during the electrification which determined 
these two eledlric sources, the gases due to the 
water's decomposition should be condensed 
upon the ele<5trodes. But if we consider that 
minerals are far from being homogeneous, 
and that certain portions possibly possess a 
degree of metallic conducflivity which places 
them in conditions different from those portions 
which possess more particularly elecftrolytic 
conductivity, we are led to believe that the 
\ former portions with regard to the others could 
play the role of eleClrodes^ and themsdipes con« 
dense a part of the gases : therefore they ought 
^ to produce effects, analogous to those <'C5x«6w ^^$^- 
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tinum elecftrodes, and their a^flion should be the I It is certain there is a particular eledlrical 



more marked as conducftivity is the greater ; and 
this is a result experiment proves. Thus when 
the mineral presents a marked metallic con- 
ductivity, as well as an elecflrolytic conducflivity 
(like magnetic iron) the polarisation currents 
developed by the stone with new eledlrodes are 
infinitely stronger than those from the eleiflrodes 
separately. These latter currents cannot even 
reveal themselves when an unelectrified stone 
of similar nature is used for an intermediate con- 
du(5tor, though they may be discovered by the 
intervention of the H^ronville flint. On the 
contrary, on making the dielecflric with a number 
of sheets of very slightly moistened paper, the 
sheets — when separated from their eledtrodes 
and placed between fresh ones — are only able 
to liberate a very weak current, and often even 
none at all. It results from this difference 
of strength between the currents from the elec- 
trified body, and those from ele<5trodes, that — 
according to the strength of the one or the 
other — the current obtained by changing the 
position of the stone with regard to the elec- 
trodes varies in dire(5lion with the nature of the 
minerals ; and this is, in reality, observed in 
experiments with the H6ronville flint and mag- 
netic iron. With the first the differential cur- 
rent continues in the same dired^ion as that of 
the eledlrodes, though rather weakened, whilst 
the reverse is the Case with the second. 

Thus minerals, when they are true condu(5tors, 
have but two kinds of conductivity — ele(5lrolytic 
and metallic ; eledlrotonic conductivity, peculiar 
to dielectrics, exists only in stones reputed in 
all respects insulators, and in crystals. Yet, in 
this new order of ideas, there are still some 
effects which it will be difficult to explain, one 

of them being the change of the polarisation J A NEW RELATION BETWEEN ELEC 
current's direction in relation to two inverse; TRICITY AND LIGHT 



effect produced exterior to electrolytic action ; 
but numerous experiments are yet necessary in 
order to determine it with precision. Never- 
theless I fully believe eleCtrotonic conductivity 
and electrostatic polarisation (already referred 
to) intervene in a more or less marked manner, 
and it is probably to these causes we ought to 
assign very feeble; but yet appreciable, polari- 
ties met with in slightl}' moistened homo- 
geneous bodies. 

As to the successive increase of the currents 
strength during its circulation in hard stones^it 
is not exclusively their property ; it is met with, 
as before shbwn, when the current traverses 
very resisting liquids, such as distilled water, 
which allow only a simple release of gas. This is 
only a question of resistance and polarisation 
energy, and the faCt that this increase does not 
exist with ordinary water is its proof. Up to a 
certain point thip effeCt may be taken account 
of when considering that with very resisting 
liquid conductors two diametrically opposite 
effects are present : the first is the consequence 
of a very long variable period, in which the 
strength of the traversing current accumulates, 
and which naturally involves an increase of tfaii 
strength with the time ; the second is the polar- 
isation effect, which is as much less energetic 
as the circuit resistance is greater, and wfaid) 
in this case no longer combats with suffident 
efficacy the increase of strength due to the 
other cause, because this latter does not mafli- 
fest itself. In this respeCt, with the single 
hypothesis of electrolytic conductivity, vx can 
thus explain the phenomena produced. 



electrifications of unequal duration. In what 
manner, indeed, can we explain how, betwixt 
two gases condensed on metallic eleCtrodes, 
that it is the one last disengaged which first 
manifests its presence, whilst the aCtion of the 
second is not evident until after the disposal of 
the other ? And it is worthy of remark that 
this inversion phenomenon is generally con- 
nected with all indifferently conducting bodies 
capable of furnishing energetic polarisation 
currents. On the other hand, how shall we ex- 
plain the successive diminution in strength of 
currents transmitted by flints, when the direc- 
tion of the current is alternately changed — these 
alternations, on the contrary, augmenting its 
strength in damp stones, in consequence of the 
addition of the polarisation current which results 



(Continued from page 214.) 

In the December number of the Philosopkud 
Magazine Dr. Kerr gives the results of his 
experiments on " Liquid DieleClrics." There 
suits are summarised as follows : — 

Carbon disulphide is birefringent when di 
electrified, aCting upon transmitted light v 
glass extended along the lines of force. The 
electrostatic force and the birefringent powtr 
increase together; they also vanish simnka- 
neously, the optical effeCt disappearing abrupdv 
and totally at the instant of eleCtric dischaixe 
(not through the bisulphide). Some irregu'an 
ties are observed in the experiments when the 



electric aCtion is intense ; but these are cer- 
from a preceding inverse electrification? Finally, I tainly due in great part, if not wholly, to th« 
how explain the still sensible conductivity pre. | want of even approximate uniformity tbroagi: 
served by flint when it is heated for some time, 1 any considerable ^tent of the eleAric field. 
HiXf experimented upon in a xo^^t^ condition ? { Of the liquids examined them ai« ais "' 
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have given definite and constant results, namely 
these — carbun didulphide, benzol, paraftin and 
ke osene oils, oil of turpentine, and olive oil, 
These bodies are distinctly birefringent when 
dieleciriiied, aiding upon transmitted light as 
unijxal crystals with axes directed along the 
lines of force, the uniaxal being negative in the 
case of olive-oil, positive in the other five cases. 
Dieledtrified olive-oil ai5ls in the same way as 
dieledirified glass, or as glass compressed along 
the lines of force ; the other five liquids dielec- ' 
trified aift as resin dieledlrified, or as glass ex- 
tended along the lines of force. Compared 
among themselves, with reference to strength 
of birefringent aiftion, the liquids appear to be 
very unequal^carbon disulphide the strongest, 
parafhn and kerosene the weakest. Compared 
with glass they are much weaker insulators; 
but if allowance be made for this difference, I 
think that, for intensi!y as well as purity of 
effeiJls, carbon disulphide is far superior to 
glass. In contrast with glass, all the liquids 
a're chara<flerised by the absence of coercive 
force and by the rapidity of variation of bire- 
fringent atStion from point to point of the 
ekttric field. The birefringent power is 
sustained in liquids by the present action of 
eleitric force at each instant : it seems also to 
be determined at each point, simply by direc- 
tion and intensity of force at the point. 

The author enunciates the three following 
assumptions : — 

I. The particles of dieleclrified bodies tend 
to arrange themselves in files along the 
lines of torce. 
1. Changes of molecular arrangement, con- 
sequent upon rise or fall of eleiftric 
ail^ion, are effeifted slowly and with diffi- 
culty in solids, easily and at once in 
liquids. 
3. The lines of electric force, or the axes of 
matecular files, are lines of compression 
in one class of dieleiftrics (glass, &c.}, I 
and lines of extension in another class 
carbon disulphide, &c.). 
The factSj when thus interpreted, afford a| 
strong corifirmation of Faraday's theory of 
eleiftro static induction ; and in whatever way 
interpreted they give promise of some new in- 
sight into that interesting subjefl, the molecular 
mechanism of eleitric action. 

The author concludes his paper by expressing 
the hope that the plate-cell charged in the carbon 
disulpkide will develop from the present rude 
beginning into a valuable physical instrument, 
a very delicate optical ele Urometer. 

On the i ith inst. the cable of the Direit United 
States Cable Company was again broken in the 
same place where the breakage occurred a few 
weeks ago. 



MAGNETO-INDUCTION MACHINES 
(Hefner-Alteneck System). 

(Concluded fiom page 222.) 

Rotation from Right to Left, or in the Dine- 
ion opposite to the Hands of a iy<i/c7(.— Inthis 
:ase the terminal 4, (Fig. 5) is connetfled by a 
vire with terminal 3. 

Fio. 5- 




Under the piece of \ulcanite (see Figs 5 
and 6) carrjmg the right hand roller r' is 
placed a small metal plate d so that tke roller 
R' may not be diametrically opposite the roller R', 
but a little higher. The whole movable arm 
carrying the rollers should stand slightly in- 
clined from the horizontal position, so that its 
left arm \ points slightly downwards, while the 
right arm b points as much upwards. 

The leading wires to the eletflric lamp are 
connei^ed to terminate i and 2. 

Rotation from Lift to Right, or in the same 
Direction as the Hands of a iy<iicA.— Should 
the dire<5tion of a motor pulley, or a given local 
circumstance, demand motion in a direction op- 
posite to that described, the following alterations 
are necessary : — 

Instead of"^ conneiJling terminals 4 and 3, the 

terminals + and 2 are to be connefled by wire. 

Fia.6. 




The small metal plate rf must be witndrawn 
from beneath the arm of roller R', and placed 
under the piece of ebonite carr>-ing roller r', so 
that the latter roller may run slightly higher 
than the right-hand roller r'. The arm carrying 
both rollers, which for the purpose is mad© 
movable concentric with the axle, must now be 
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inclined in opposite direiftion to its former posi- 
tion, 80 that the right-hand arm b shall stand 
slightly lower than the left-hand arm a. These 
ch ngcs are shown in Fig. 6. 

The leading wires to the eleftric lamp are 
now to be attached to terminals i and 3. 

The diretflions — as right-handed or left- 
handed — are understood to be taken by a person 
Btandirg facing the commutator- 
Inclination of the roller arm is efre<fted 
chiefly for the purpose of preventing sparks by 
reducing the sparking distance to a minimum. 
In case contad^-brushes are used instead of 
rollers, special care must be taken that the ma- 
chine be never turned in opposite direction to 
the arrow marked on the machine, orelse the wires 
of the brushes will get bent and contaif^ spoiled. 

The condu(£ting wires from the machine to 
the lamp should have very little resistance, and 
should be of copper, of high elciflrical conduifl- 
ivity. The set'iion shoultl be proportionate to 
the distance of the lamp from the machine, 

If the lengths of the two conducting wire 
not together amount to more than 50 metres 
(say 55 yards), and assuming the copper of 
high condud^ivity, a wire of 4 m.m. (=0-157 in.) 
diameter will suffice. For longer distances it 
is advisable to use a strand of larger diameter. 

The conduifling wires must, of course, be in 
sulated one from the other for the whole length. 

Decrease in the strength of the current, 
caused by the introdut^ion into the circuit of a 
conductor of too high resistance, may certainly 
be overcome by increased speed of rotation of 
the wire cylinder, but only at the e.\pense of in- 
creased motive power. 

Bright and flying sparks should never be 
allowed to appear at the commutator, as they 
result from a more or less rapid burning of the 
metallic parts. The remedy is found in pro- 
perly inclining the arm carrying the conlaift 
rollers {see a and b. Figs. 5 and 6), as previously 
described, and as shown in Figs. 5 and 6, for 
each direction of rotation. The position of the 
con taifl- rollers yielding the least spark is the 
position yielding the highest intensity of light 
in the eleiflric arc. 

The periphery of the rollers (n, 11, Fig. 7), 
and the rotating springs (.v, x') which pass be- 
neath the rollers, must never be oiled, but, on 
the contrary, kept scrupulously clean from all 
grease and grit. 

Scrupulous cleanliness of all parts of the 
commutator bein? of the highest importance, it 
has been construifted so as easily to be taken to 

The steel pivots (z) on which the rollers re- 
volve must, however, be kept carefully oiled, to 



The rotating springs {x, x) maintain them- 

selves at about 1 m.m. distance from their 

metal base (y), as shown by the dotted line 

(Fig. 7), being pressed consecutively against the 

FiQ. 7. 




metal base as they pass under the rollers, and 
the stronger atflion of the springs (f) to which 
the rollers are fixed. Adjustment of these 
springs is important (in order to prevent sparki), 
but it may be made once for all, as vrheif it may 
be required to exchange the springs for ntw 
ones, or to reverse tnem. 

Should brushes, instead of commutator- rollers, 
be used, similar precautions have to be taken. 

The circuit, when the machine is in ' 1 
aflion, should never be ntddenly interrupUi 
1 he sudden cessation of the current would pro- 
duce an eletftrical tension so dangerously high 
(evidenced by the brilliant spark of interruption) 
as to unnecessarily strain the capabilities of the 
insulation of the machine. 

Interruption of the current arising from the 
extintflion of the light is not dangerous, as a 
considerable decrease in current strength alwavs 
precedes extiniltion ; but, as has been stated, i: 
is the consequent increase of speed, by the 
sudden withdrawal of the load from the motor. 
that might have a dangerous result. This rr- 
sult would, of course, depend upon the cur.diliun 
and control of the motor, the size of its fly- 
wheel, &c., and would be modified thereby. 
These conditions of control are placed most 
favourably in the engines supplied with the 
machine, but attention to the conditions is »1- 
ways necessary. 

When it is desired to divert the current i»'» 
another circuit, it is always advisable to stop tht 
machine. 

Setf-a^ing lamps have hitherto been con- 
strudled chiefly upon the basis of a clockwork 
adlion, employed to approximate the carbons to 
a certain point, when, by the influence of an 
eletftro-magnet, the clockwork being checked, 
the carbon points are allowed to bum away to 
such a distance that, consequent upon (he de- 
;leased, , 



crease of current, the clockwork is again 
prevent their heating or sticking. The sticky > and the carbons caused to approach to their 
oil should from time to time be removed, by , j edition of least distance- { 

washing with para^n oil. [ The lamp here described is Rftuated witkoti 'i 
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clockwork, which has always been a source of 
numerous failures and difficulties, and liable to 
disarrangement upon the least rough usage. 
This lamp also distances the carbon points when 
they have approached too closely or touch. By 
this united action of distancing and approaching 
the carbon-points are automatically kept at a 
uniform distance, and a perfedly steady light is 
obtained. 

The working parts of the lamp are represented 
in the diagram, Fig. 8. 

Pio. 8. 




current in the coils just powerful enough to 
overcome the tension of the spring /, the arma- 
ture commences to oscillate, and continues to 
vibrate while the current is ot the same intensity. 

The spring-pawl, 5, at the extrem.ty of the 
arm a', oscillating with the arm. a^luaies a fine- 
toothed ratchet-w.ieel, ;/, in gear, by a train of 
wheels and pinions, with the racks of the 
carbon-holders, and thus resists and overcomes 
the gravitating tendency of the upper carbon- 
holder, slowly parting or distancing the carbons. 
Increase of resistance results from this dis- 
tancing of the carbons, and the current becomes 
proportionately weaker ; the armature ceases to 
oscillate, and again rests upon the stop d. 

In this position the spring-pawl, 5, bearing 
its inclined face against a pin, ft, is released 
from the teeth of the ratchet-wheel, u ; the pre- 
ponderating weight of the upper carbon-liolder 
now comes into play, and the carbons are ap- 
proached to each other, the spur-pinion on u 
taking an opposite diredlion to that which it has 
when under the influence of the ratchet-wheel. 
Increase of current follows the decrease of re- 
sistance consequent upon the decrease of length 
of the elecftric arc ; the armature again oscil- 
lates : and this cycle of adlion is continuously 
repeated. 

The speed at which the carbons approach is 
regulated by the fly w, the driving-wheel (r) of 
which is fitted loosely upon the axle of the 
ratchet-wheel, and coupled to this wheel by the 
spring detent /, the detent acfting only when 
the carbons approach. 

When in adiion the alternating movements of 
the carbons is scarcely perceptible, but when, by 
any exterior influence, the light is extinguished, 
the carbons immediately run together, ignite as 
soon as contact is established, and work apart 
under the action of the eledlro-magnet, to the 
distance determined by the tension of the 
spring /. 

Too slack or too little tension of the spring 
would cause the ele(5\ro- magnet to separate the 
carbons too widely, thereby extinguishing the 
light and producing a flashing light, burning, 
extinguishing, and relighting at regular intervals. 
If the spring be too taut or at too high tension 
the carbons would not separate, the eled^ro- 
magnet remaining inacflive. 

The only objecft requiring attention in the use 
of this lamp is the tension of the spring /. 
When this tension is regulated and adapted 
once for all to the strength of current at dis- 
posal, the lamp will continue to throw a constant 
light so long as the current remains constant. 
A source of eleiflricity varying in strength dc- 
m.inds corresponding regulation of the tension 
of the spring. 

The method of regulating the lamp is the 



B is the horse-shoe eledlro-magnetic motor, 
with the armature a opposite its poles. A spiral 
spring,/, the tension of which can be regulated 
by the screw, 6, withdraws the armature from 
the poles of the elecflro-magnet, and brings its 
elongation a* against the stop d. When a cur- 
rent of sufficient strength to overcome the 
tension of the spring, /, circulates in the coils 
of the ele(5\ro-magnet, the armature will be at- 
tradled, and contadl established at c, which, 
offering a shorter route, diverts the current from 
the coils of the eledlro-magnet into the shunt. 
The consequent release of the armature from 
the poles of the eledlro-magnet reopens the 
contacft at c ; the armature is again attracfled, 
and the a<5\ion is repeated during the use of the 
machine. When, therefore, the carbon-points 

are so close that the resistance of the cle<5tric , , r j- 

arc (of light) is sufficiently small to maintain a [ same whether a constant current of one dirtc. 
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tion or intermittent currents of opposite dlretftion 
are employed for the light. With the latter the 
oscillations for the armature would take place 
even without the assistance of the shunt- 
contaffl c. 

But as the proportion of the consumption of 
the carbon-points differs, the positive carbon 
burning about twice as quickly as the negative, 
provision is made that the racks, which are 
fixed to the negative carbon -holder, may be 
made at will to gear {by turning the thumb- 
■ screw i) either into the teeth of the same 
pinion as the positive carbon-holder, or into a 
pinion of half the diameter. By these means 
the light, when once focussed in a reflector, will 
remain in focus as long as the carbons last, 
whether permanent or reversed currents arc 
employed. 

Two kinds .of concent 
supplied in combination 
lamp. 

The fnrabolic reReiftor is of stout plated 
copper, inside brightened. The apparatus is 
mounted upon a wooden stand, as shown in 
Fig. 9, and can be direifted to any point by 
means of a ball-and-socket joint. 




Both apparatus are provided with a lens, by 
means of which an image of the burning car- 
ons is thrown upon a small screen of frosted 
;lass : the carbons can thus be easily adjusted 
without fatigue to the eye. 



A Pre el i op 1 n a be substituted for 
the parabolic retlettor. This lens is containt d in 
a metal case, inside which tie lamp is p!aced 
upon a slide, to admit of obtaining the fccus. 
The entire lamp resolves horizontally upon 
rollers, and s vings upi,n pivots, to obtain any 
dCBtred tnclin.ttion. 



SOCIETY OF TELEGRAPH ENGINEERS. 

At the meeting on November 24th a paper ras 
read by the Secretary, Mr. G. E. Preece, ||Oif 
Cable Borers." It appears that when reparring 
the Holyhead Dublin Cable it was found that 
the inner hemp serving was eaten away by 
worms, two or three different species being no- 
ticed. Some specimens of these worms were 
forwarded by Mr. CuUey to Dr. Carpenter, who, 
in his Report, remarks — " Dr. Mackintosh re- 
cognises three types, Lepidoitotus equimaVn, 
Evariie iinpar, and Nereis pclagica, all well- 
known British forms, and says—' 1 agree wiih 
you in acquittmg them of all share in making 
the perforations in the coverings of the cable. 
They had only been lurking (after their wonti in 
the holes made by other forms,' The Rev. 
William Norman agrees with me in jdentifj-in; 
the minute crustacean as the L,i}inioria ligiivruii: 
of Rathk6, known to British naturalists as the 
Li/nnoriti Urrbruiis. Clearly, therefore, it i? 
the L'miior'ui that does the mischief to put 
cables. As its ravages were long ago noticed 
at Dublin, it must be an old inhabitant of the 
Irish Sea. It is so small a creature that ii 
would seem to me that the overlapping copff: 
riband of Messrs. Siemens would afford a surer 
proteftion." 

The Report of the President and Councili'm 
the year 1S75, which was read at the Annua! 
General Meeting on the 8th iiist,, showed an 
increase during the year of 41 foreign member*. 
25 members, 47 associates, and a student;. 
The total number of members, associates, anc 
students is now 763. 

The following gentlemen were elecled officer- 
for the year 1876 : — 

Presideiit-C. V. Walker, F.R.S. 

Vk(.PresMiitts-~Prof. Abel, F.R.S. : MaK>r 
Bateman Champain, R.E, ; R. S. Ciillev, C.E.i 
Prof. G. C. Foster, F.R.S. 

Members of Council — Prof. W. G, Adamj, 
F.R.S.; H. G. Erichspn ; E. Graves: CoL 
Glover, R.E. ; C. Hockin, C.E. ; Major Mil- 
colm, R.E.; VV. H. Preece, C.E. ; K. Sabine, 
C.E.; Carl Siemens, C.E. ; C. E. Spagnoleiti, 
C.E. ; Lieut,-Col. Stotherd, R.E. ; C. F. W- , 
ley, F.R.S. , 

Associntes — 0. Heaviside ; J. Sivewrigbl; I 
W. J. Tyler. 

Ho>i. Treasurer— Ma}Oi Webber, R.E. i 

Hon. Secretary — Major Bolton. I 

The Annual Soiree of the Society will be held. J 
on Tuesday next, at Willis's Rooms. I 
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ton 133 
atmospheiic, origin of, 156 
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conductivity of liquids for, 170 
for firing mine chambers, torpedoes, 

&c., 34 
frid onal, s ud es on, 26 
new sources of 46 
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p cssiiire of, and on elcclr.c energy 

180 
statical, 109 
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SiNCL the day when Elecflricity was first disco- 
vered, until now, its vast importance and its 
high destinies have grown upon the human 
mind. Fresh phases of its power, fresh results, 
new means of obtaining and governing its 
aclion, and multiplied ends to which it may be 
turned, have constantly discovered them- 
selves ; till to-day it stands out as one of the 
grandest subjecfts presented to the scientific and 
practical world for investigation and research. 
Perhaps, however, no other Science or Art 
has exhibited so extraordinary a concurrence 
of anomalies. It is at once the most ter- 
rible monster and the most humble and 
obedient servant , its aclion is at one moment 
beneficial, at the next destru(5live ; its range is 
boundless, yet it may be ** cabined, cribbed, 
confined " at ease ; it is everywhere present, 
while its nature is only imperfectly understood ; 
and,to crown all, although itis one of the most im- 
portant agents in the aclion and the phenomena 



of the universe, and 



mcreasmg 



knowledge of 



its applicability to the needs of our race is of 
the utmost importance, no direct means, of as- 
certaining the thoughts and discoveries of its 
students, or of bringing them before the scien- 
tific and mechanical community, at present 
exist. Attempts have been made to supply 
this want, and journals have been started 
with the professed object in view of making 
public all that is known or can be learnt 
of Elecftricity in all its branches. But they 
have degenerated into unscientific records of 
unimportant events, and the purpose for which 
they were established has been lost sight of. 
Thus it comes that — while Engineering, Che- 
mistry, and other Applied Sciences have all 
their representative recognised organs — the 
Electrician finds himself without any current 
journal from which he can learn the events 
which are daily occurring of peculiar interest 
to himself. 



Such a want has now been supplied 
establishment of the Electrical Xeu 
Tkle(;raphic Reporter. In its columns 
found the most valuable opinions of cr 
Eled\ricians and scientific men all overthc 
Articles will be contributed \vhich will beci 
not only to those who study Elecftricity as ar 
experimentalists or scientific inquirers, bi 
to those whose daily life is bound up v.: 
advancement of practical knowledge in : 
partments of the science, and who as 
tricians, telegraphists, eleclrotypers. c 
platers, and chemists hav^e continually t 
with the same marvellous agent of f : 
ditferent ways. Nor will the doings of :' 
societies be ignored as in times gone b; 
in the shape of carefully prepared ahst 
their proceedings will be presented to our re; 
Every opportunity will be given for the h 
ful discussion of the science in all its bra: 
and a fair unbiassed course will be sk-tr 
all questions of dispute. 

This, then, is our Programme in bncf. 

w^e could promise, but prefer to kt the 

periodical speak for itself. The subjca 

which it will deal is of too great importar 

need one word of recommendation. Dail 

perience teaches us that we are as ye: c 

j threshold only of a vast expanse of dec 

knowledge. This has to be explored. ^ 

the research gains in strength and intdlij 

the results will be far bej-ond all present 

ception. The feat of girdling the car 

1 forty minutes will be eclipsed by i;reati 

! yet to be done, and if the establishme 

; the Electrical News and Tillgr 

I Rltorter conduces to the hastening: 

I desirable end our ol3Jec^ will have btcngi 

i and we shall be fully rewarded. 

Boy Court, Luduatc Hill, London, E.C. 
ynly isit, 1875. 



LoadOii I*IWM4 UM i'ttblitiiea toy tbc tsoptietnT, William Crookb<>, at the Oftcti Boy Couit. Lud&atc Hili, £ Ct 
^ (December 15, 1875. ^ 
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